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VALUABLE WORKS 

PUBLI8HK0 BY 

J. & J. HARPER, 82 CLIFF-ST., 

NBW-YORK, 

And fto Sale by the principal Bookaellere in the United Statei. 



HISTORY OF THE JEWS. By the Rev. 

H. H. MiLMAN. In 3 vols. 18mo. lUastrated with origi* 
n&l Maps and Woodcuts. 

**Tlie narrative of the various and highly intoresting events in that 
period flows on in a chaste style ; and a thnrongh knowledgs of his sub- 
ject is evident in every page. The worlc is spirited, well arranged, and 
tall OT information, and of a wise and well-cultivated spmtJ"—Atherumm. 

**Pro%8Sor H. H. Miiman is one of the most obaste and classical 
writers of the age. The History of the Jews embraced in the volumes 
befiMre Us, has already passed through three editions in England, and is 
highly and justly commended by many of the most respectable period- 
icals."— iV. Yi Joumcd of Commerce. 

"It is written in a very interesting manner— in a more philosophical 
vpirit, and with more depth of reflection, than is generally found in his- 
tories of this nature. It is not wanting in historical condensation, and the 
colouring of the style is lively and picturasquu.** — ^V. Y. Evening Post, 

LIFE OF NAPOLEON BONAPARTE. 

By J. G. LocKHART, Esq. With copperplate Engrav- 
ings. In 2 vols. 18mo. 

•* We anticipate a prodigious circulation for this attractive work. It 
te drawn up with consummate ability. Indeed, we have seldom perused 
a work more uniformly interesting in its details." — Sun. 

** It is, unquestionably, in a brief and tangible form, the most popular 
History of Napoleon that has been yet produced."- ^£/(u. 

** This is a much better book than any other in English on the aame 
■abject."— .AtAeiuBum. ' 

LIFE OP NELSON. By Robt. Southey, 

Esq. With a Portrait. 18mo. 

" This is the best work that ever came (torn the pen of the laureate^ 
and it ts an excellent specimen of biography."— iV«u>-£nsr. PaUadium. 

** The merits of this work are so well known that it is altogether un- 
■seeasary to recommend it to our readers." — N. Y. Btening Post. 

** douthey's fine and popular biography of Nelson was very mncb 
wanted, and is now to be h»A very cheap, in a very neat and ooavenient 
Mm.'-'Jir. Y. C tmm m ti 4d Aivertiser* 




% VALUABLE WORE*. 

JJFB OK Ar>EXANDER THE 

y Ki>*. i. Wti>iJAM». With a Map. ISmo. 

^-'ibi »./^ ik K<<o<!. bti<) fti« narrative well conducted. A 
Ij<.».-j2.< </ u.^- Uiijou* vnurtor cftimot (Ul to be interesting." — L^^^^ j, 

'^'IIak >'Af ^' A.tA.fKiiX\uf. mtd inhoriti t greater ataare of interest /j^^ 
tu- l^. i>^ Vi.«: ii.«.v«x of Uhh unrAent Navoleon is disintegrated /har 
t..v :...^-^ »> ^K.A.iA u.AU/r>. uitd |>rL'fe»«nmd Dy itself. Tbe style is lad 

*./ . «. •:,^-.M. /«^. y. Jvvrval of Commerce. 

NA'JI MAf. HISTORY OF INSECT^ 

xi^ijjiUAA>c uy Ai(>//^r</ijN Engravings. 18mo. 

■<>'<*< w ..^i.*^ {/ rt,i}ijtf th*tr*i is none more captivating than ttat «v 
;>.... .<4. /. ... . . i LA ^««:M.-iit volume Is ))eouUarly useAil and agra». 

J .. c < V ., ..- iv^ : tj moerunt and sstlsf^cttoa, and is adapted to aD 
Ci- • J .<. .- /Hhmiff luiienmg Jttumtd 

ii. ^. ^- ji.j<4^i«, ^nii arrAngtHksndcteartTtinpaited, aad 

vo.,.- / . .1 Ai^ V, ^/yi; y4»Mi1( id gmieriU i^erusal ia fsuuiiea** — N. Y. 

'i V. .:..- X •^ **^ i* ^lli |>rove st one* sfrMttNe and iusii«ui<« to 
Jf^'- y <|; ; .■*''-^-', '''"I <Hi-U|iy an «j>iuro|wuiu» place in the TamOj 

U^ i-'r ( /i' M Jill ) HYRON. By Johx Gait, 

' ,j. ... ' ^.,.,.^ ,,<(W( i^/«:<4 iitbril, »nd is a talaaN« atniaisitioa ta 

.'■■•■ f . 'u • , ,.-- < '4 ^hn ttUllidr hSM (H>iumuuicttt«x! QncomsMia 
->■ • • •-' ■ ' ».. » It*. »«(«|ii..ii« lit Imvt) U<.Mi« per(«evt justice to 

f'iMnn ^<^ MdHAMMETX Founder of the 

(*-''/,'ii 'i /-»■./<« "lint nl th» b'mpiiv ot th« S« 
>4> .1!' >*». ' ^*»'- '♦•<♦» M»'»n, M.A. ^ ith a plate. \i 
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VALUABLE WORKS. 9 

DEMONOLOGY AND WITCHCRAFT. 

By Walter Scott, Bart. With a Plate. 18mo. 

The work is curioaa, interesting, and instructive." — Inquirer. 

'This volume is most interesting, and will be read wltb great plea- 
sure by almost every class of readers."— (7. S. Gazette. 

** It would be difficult to select a more interesting subject for the pea 
«f a man of genius than that or popular superstitions. To say that Scott 
has made more of it than any other man could have done, is only to add 
another tribute to his ackhowledged pre-eminence.**— Ifo^ton Statesman, 

** The subject is most alluring, and the manner in which it is handled 
ia mB^c&V*—Athencntm. 

HISTORY OP THE BIBLE. By Rev. G. 

R. G1.BIG. With a Map. In 2 vols. 18mo. 

** The style of it Is sarpassed by no work with which we are ae- 
qnainted Historical and biographical fkcts are well stated ; the promi- 
nent difficulties that present themselves to the mind of an intelligent Of 
skeptical reader of the Bible are boldly exhibited and ably explain^ ; the 
most plausible objections advanced by modern infidels are answered in 
a very philosophical, learned, and conclusive manner. The author has 
Unbodied in it a vast deal of learning and research ; has discovered supe- 
rior ingenuity and force of intellect, and fhrnishet), withal, a specimeii 
OC fine writing, which must secure a most fvoorable rec4lption, as well 
among persons of taste as those who are fond of Biblleat studies."— 
Albany Telegraph and Register, 

POLAR SEAS AND REGIONS. By Pro- 

feasors Lbslib and Jameson, and Hugh Mubkay, £Bq. 
With Maps and Engravings. ISmo. 

** A work lh>m such hands on such a subject cannot fhil to he both 
interesting and valuable."^iV. Y. Evening Post. 

''The three eminent men who have produced this compilation have 
rendered a great service to the cause of philosophy and kAowiedge.**— 
N. Y. Commercial Advertiser. 

** The writers are gentlemen of flrst-rate standing In the arientifio 
world, and the subject is one to which every curiotis mind is attached 
by a sort of involuntary impulse." — ^. Y. Jovrnal of Commerce. 

LIFE AND TIMES OP GEORGE IV. 

With Anecdotes of Distinguished Persons. By the Rev. 
George Croly. With a Portrait. 18mo. 

**Mr. Croly has acquitted himself very handsomely. His subject is 
one of much interest, and he has treated it with unusual impartiality. 
The author^ style is chaste, classical, and beautifhl, and it may be taken 
M a model of flne writing. It is worthy of hia genius and his educa- 
tion.** — MercayUile Advertiser. 

** Mr. Croly is. not merely a toe writer, but a very powerfhl one. Hia 
•Qtllne is as bold and broad as his colours are glowing. He writes lika 
ft man well acquainted with his sabject."— J5c2««lie Review, 



4 VALUABLE WORKS. 

DISCOVERY AND ADVENTURE 

AFRICA. By Professor Jameson, James Wil 
Esq., and Hugh Murray, Esq. With a Map and 
gravings. 18mo. 

**The names of the distinguished individuals by wtaon^ the volum 
been prepared, ofler a sufficient pledge for the faithlil and accompl 
execution of the work ; and the field of their labours is one of almos 
rivalled attraction for whatever is new, strange, or mysterious in I 
rical narrative, or bold and perilous in adventurous exploit." — TTieJ. 

*' This work we believe will be interesting to every class of res 
especially to the philanthropist and Cliristian." — N. Y. Evangelist. 

LIVES OF EMINENT PAINTERS Al 

SCULPTORS. By Allan Cunnimgham, Esq. \ 
Portraits. In 3 vols. ISmo. 

*' We advise all those of our readers who have any respect fo 
recommendation, to read these three volumes from beginning to end 
are confident ofthe thanks of such as shall be induced by our adv 
procure for themselves so great an enjoyment."— iV. Y. Mirror. 

" This is one of the best written and most instructive books c 
aeries to which it belongs." — N. Y. American. 

" The whole narrative is ot a lively and alluring kind, flowing 
language, and enriched with ceaseless anecdote." — N. Y. Atlas, 

HISTORY OF CHIVALRY AND T 

CRUSADES. By G. P. R. James, Esq. WiU 

Engraving. 18mo. 

The present volume may safely be pronounced an omamenr 
literature of the day, and Mr. James be esteemed a writer of grer 
liess and strength." — N. Y. Standard. 

" The author of this work has done the public a service, wbicb 
will be diily appreciated." — Christian Herald. 

" Mr. James is well known as an ngreeable writer ; and t' 
of this volume arc such as can scarcely fail to prove both 8 
interestiDg.** — iV, Y. -Daily Advertiser. 

LIFE OF MARY QUEEN OF i 

By H. G: Bell, Esq. M'ith a Portrait. In 2 1 

"It is decidedly the most Interesting account we have ev 
lovely and unfortunate being. We have always/eZt that f 
cent of the great crimes charged against her by her iVir 
enemies j but our understanding was never before ^or 
with a feeling of eager joy, that we, for the first time in 
ted the full conviction of her innocence. The book is ^ 
candour." — Massachusetts Journal. 

" The reader will be pleased to learn that the 1if< 
written anew, by one who appears, both in temi)er an 
well qualified for the task."— iV. Y. Atlas, 



▼ALUABtl WOEKt. 6 

ANCIENT AND MODERN EGYPT. By 

the Rev. M. Russsll, LL.D. With a Map and En* 

gravings. 18mo. 

** All tbat is known of Egypt in condensed into this history : and the 
leaders of It will find themselves well repaid for their labour and OMmey.* 
— New- Haven Adttertiter. 

** The Inrormation respecting the present state of this interaeting cena* 
try will be found peculiarly valuable."— JVeto-yorA: Mirror. 

'*The werk is written in a very happy style, and presents a mass of 
knowledge of the most usef\il and instructive character, collected togethM 
by great indastry and research."— JSo^more Sj^publiean. 

HISTORY OF POLAND, from the earU- 

est Period to the present Time. By Jamks FLBTCHKBy 
Esq. With a Portrait of Kosciusko. ISmo. 

**Tbis work recommends Itself to publie notice by its elear, codcIml 
and impartial history of a country and a people for whom the feelings of 
every lover of fteedom are deeply interested.*' — N. Y. AtUu. 

" Of the writer's fairness and research we have a very good opinion ; 
and tiis book is just the thing tliat is wanted at the present mmnent.''— 
N. Y. American. 

** No work bas for a long period been published here so deserylng of 
praise and so replete with iotereat."— jimcrican Traveller, 

FESTIVALS, GAMES, AND AMUSE- 

MENTS, Ancient and Modem. By Horatio SmitHi 
Esq. With Additions. By Samubl Wood worth, Esq, 
of New-York. With Engravings. 18mo. 

** The book contains a mine of information on the subjects embrated 
Ib its title, and should be placed in every (hmily.**— AT. Y. Standard. 

" We can commend the book as both attractive and useAil."— iVl 7. 
Annertcan. 

*<Tbe book is highly amusing and interesting, as well as Instmctive.* 
^^Pennsylvania Inqyirer. 

** The present work is characterized by great research and learning 
employed in illustrating a subject of much general interest.''-^a//tmor« 
Republican, 

LIFE OP SIR ISAAC NEWTON. By 

David Brbwster, LL.D. F.R.S. With a Portrait and 
Woodcuts. 18mo. 

** The present pnblicAion cannot fhil to prove acceptable and naeftiL* 
— iV. y. Standard. 

" The biography of the greatest astronomer that ever lived cannot be 
flraught with else than interest."— i\r. IT. Mercantile Advertiser. 

" This is the most complete and authentic biograpby of this illostrioiw 
man tbat has yet appeared."— iV. Y. Evening JovmaL 

" An etjieeUent biography, beautiftilly written, and oompilidof a 1 
amount of oseAil Infiinnalion."— iVimr-lravm Chronicle, 



6 VAtUABLK WORKS* 

PALESTINE, OR THE HOLY LANR 

From the earliest Period to the present Time. By th« 
Rev. Michael Russell, LL.D. With a Map and iun« 
Engravings. 18mo. 

"An interesting book." — New-Haven Advertiser, 

" Ttie whole work is imbued with a sacred engrosslog tntarsil.^— 
Connecticut Mirror. 

** It ia written in a very popular and attractive style."— JV. Y, Eomtng 
JouniaL 

•* The whole volnme will amply repay perosal."— JV. F. Ameriam, 

*' This work is the most, desirable record of Palestina we bave efW 
seen."— jimencan Traveller, 

MEMOIRS OP THE EMPRESS JOSE- 

PHINE. By John S. Mbmbs, LL.D. With PortraiU. 

"The langnage of the author is beautiful, and his powers of desGil|^ 
tlon exceedingly fine."— iV. Y. Evening Juumal. 

** A very entertaining book." — N- Y. Comvurciol Advertiaer» 

*< This iR the first complete biography which has ever appeared of Uui 
much admired woman."— iV. Y. Constellation. 

" This work will be found to possess a beauty of langnase, a (lucinatler 
of style, and a depth of interest which few works of this kind ca 
clatm."— Bojton Traveller. 

THE COURT AND CAMP OF BON 

PARTE. With a Portrait of Talleyrand. 

"This work is highly interesting.''— 17. S. Gazette. 

"Tlie volume will be read with interest and iostmetion.'^ 
Mirror. 

"The sketches are entertaining and well written, and cor 
valuable conipend for retierence on all the more important sa? 
nected with the career of this extraordinary dynasty." — If 
{D.C.) Globe. 

LIVES AND VOYAGES OP E 

CAVENDISH, AND DAMPIER ; includmi 
ductory View of the earlier Discoveries in the ' 
and the History of the Bucaniers. With J 

" This is certainly one of the most interest iiYg'compils 
press has sent fo^th for some years."— i\r. Y. Evening J 

" While in the present work the young -will find delf 
nature will discover niatier of deep interest and vm 
Maltimore Minerva. 

<< These volumes will beget a love for appropriate 
vtA cannot but be widely ben s fldai to iDdividualp r 
ConnectiGut Mirrw, 



TAIUABLI W0EK8L 1 

l> DESCRIPTION OP P1TCAIRN« ISLAND 

*• AND ITS INHABITANTS. With an authentic A©. 

o« count of the Mutiny of the Ship Bounty, and of the nib- 

sequent Fortunes of the Mutineers. With Engrayinga. 

** The reader may here find in ftithnil history erenta of thrilling Inter 
L^ «at In the varied fortunes of aeamen.**— Southern ReligUnu TeUgrmk. 

** There ia hardly any reading more interesting than Toyages, and tiM 
1^ eeeounts in this book are among the most interesting we liaTe aTei 

• peraaed .'*—Bo«ton Statesman. 

" A subject having more points of interest can searedy he imagined 
|. f and the abilities and opportunities of the author give an aasonnes thai 

r they have not been overlooked." — Atlas. 

■ ** The story is exceedingly well told-4t Is tme— and is embdlishet 

with particulars of which tlie public hate not before heeo pot fan posses 
'^ou."—Conneeticut Mirror, 

SACRED HISTORY OP THE WORLD 

as displaced in the Creation and subsequent events to th< 
Deluge. By Sharon Turner. 

**Tbe volume contains a vtst mass of interesting fhcts to illustrate fh^ 
•different departments of the natural world. It bears marks of great n 
ecarch, and is worf by of a careAil perusal.**— ConTiecticut Observer. 

%l We can most heartily recommend this work as ooiinenily worthy ol 
% place in every library."— Churehman. 

" It ia a book calculated to be of great general utility ; and will b 
Ibund particularlv convenient for bible-clanees, who are studying th< 
Mosaic History of the Creation."— Commereioi AdverHser. ' 

MEMOIRS OF CELEBRATED FEMALE 

SOVEREIGNS. By Mas. Jameson. In 2 vols. 

** A readable book, in which good use is made of a subject not the mos 

. promising — The authoress tells a plain story with fhcillty, and makei 

^ neat and appropriate comments with a happy fVeedom."— CAurcAmon. 

" Many a more ambitious history has been executed with less talen 

and happy candour than these moral ani picturesque sketches."— fotfoi 

tiaily Advocate. 

AN EXPEDITION TO EXPLORE THE 

COURSE AND TERMINATION OF THE NIGER 
By Richard and John Lander. In 2 vols. Maps, dto 

** They (the Landers) tell a story of no small interest, tuid no fttw vide 
ettades, with manly honesty and simplicity, and coniaiderable lifb an( 
vigour. In description of local acenery they are often eminently taappy 
in narrative never tiresome: in sketches of character and manners, inter 
^tine and successful, because artless and fhithntl."— CAitrcAman. 
t ** The incidents were many and interesting : while their disooveriei 

have brought to our knowledge scores of savage tribes and nations. W4 
know of few works of this description which nave added as much to ou: 
geograirtiieal knowledge, or depicted in such painAilly interesting colonn 
Ito igonrancs anl wUdbarhaiism of Q:kUipriMi) Aflrlra."— JV. r. Ctmmtr 



8 TALUABLX WORKS* 

INQUIRIES CONCERNING THE IN 

TELLECTUAL POWERS AND THE INVESTI- 
GATION OF TRUTH. By John Aberckombie, M.D. 

« It will not only flsed, Irat form the public intellectt It cannot be dis- 
seminated too widely In a nation ea^rer foi knowledge, keen in Inqoiry 
to a proverb, and accustomed to think no matters loo high for scrutiny, 
no authority too venerable for question.*'— CAurcAman^ . 

" It will be read, or rather studied with delight and prcf ^ those wb» 
wish to cultivate an acquaintance with the phenomena of tnelntellectnal 
world. The author's illustrations are clear, and his reasoning-souad."-* 
Southern Religious Telegraph. 

THE LIVES OP CELEBRATED TRAY- 

ELLERS. By James A. St. John. In 3 vols. 

** The work is well edited, and will unquestionably be pemsed with 
satlsfhctkm and profit, especially by the yt>iinger class of the commii* 
nity." — Baptist Repository. 

** But few works have ever been published which comprise more gene- 
ral information in a brief form • . . • It is a publacati(m which will commend 
itself to all."— ji^ony Daily Advertiser. 

" The whole is an interesting publication, and may be properly oon- 
sulted both by the adult and youthful student."— .A26ioift. 

LIFE OP PREDERICK THE SECOND, 

KING OF PRUSSIA. By Lord Dover. In 2 volf 
With a Portrait. 

" Lord Dover has in these volumes, by rejecting all that is exception' 
or of slight interest, while he retained every thing essential, made 
comprehensive and very attractive book."— iV. Y. .American. 

'* An agreeably written and highly interesting piece of biograph; 
The biograpber's own morality is of the soundest kind ; and his r 
tions, in handling the infidel principles and correspondence of the 
skeptic, are such as they should be. The poison is not allowed to 
by being passed over without comment."— A. Y. Commercial Adw 

SKETCHES PROM VENETIAN 

TORV. In 2 vols. With Maps and Engrav 
Steel and Wood. 

** A history of the Venetian republic, accessible to all dassi 
prepared for popular nse, has been much wanted for along t«] 
production is admirably calculated to supply it."— fiaZtimore 

**The work is written in a style of brilliant narrative fro 
Inaterials, and deserves a place in every library."— MfdiZe 

" The able manner in which the author has accomplish^ 
id>ove all praise." — Bostun State.tnum. 

** These ' Sketches' are gleaned from several very n 
brought within the reach of every person wbo is desirour 
himself with the history of this ancient people ; and nor 
these little volumes, will r^ret his expenditure of tiv 
K, 4S. JLeview. 



▼ALUABLB WORKS. 9 

INDIAN LIVES ; or, an Historical Account 

of those Individuals who have heen distinguidhed among 
lue North American Natives as Orators, Warriors, States- 
men, 6lc. By B. B. Thatcher, Esq. In 2 vols. - 

"The anthor has spared no palna in making hiitoseir acquainted with 
the proper material^ Tor a vfork of this character ; and their arrangement 
reflects much credit on him."— iV. E. Ckriatian Herald. 

"We lilce these volumes Well. They are written with a perspicuity 
and liveliness that recommend them to all. Mr. Thatcher has ably filled 
op a chasm in American literature. These two volumes blend i he autben- 
' ticity of history with the ihrillins excitements of forest narratives, de- 

soriptive of the iMitive energy and grandeur of the old free kincs, who 
raied the new-found America."— Badger'* Weekly Messenger. 

HISTORICAL AND DESCRIPTIVE AC- 
COUNT OF BRITISH INDIA. From the most remote 
feriod to the present time. By several popular Authors, 
n 3 vols. With a Map, and many Engravings on Wood. 

"Tho history of British India is nncommonly interesting.... The 
whole work bears the impress of impartiality, fidelity, research, and 
accnracy.** — Baptist Repository. 

" Sucb authentic and extensive Inlbrmation relating to this Interesting 
portion of the globe has never before been so happily Imbodied."— iV. y. 
TVaveller, 

LETTERS ON NATURAL MAGIC. Ad- 

dressed to Sir Walter Scott, Bart. By Sib Dayio 
Brkwster, K.H. LL.D. 

" llie present work may be regarded as one of those resolts of modem 
research and study, by which socfety at large will be benefited; and the 
perusal of it would very profitably and pleasantly employ the hours now 
wasted upon books which leave not a single salutary Impression upoa 
the mind.' — Presbyterian. 

" We know of no'oiher work or treatiM whch has compressed, within 
the same compass, so much nseOil and various matter upon the manj 
subjects foiling within the range of the investigation."— Com. .^dvertiatr, 

THE HISTOJIY OF IRELAND. By W. 0. 

Taylor, Esq. With Additions, by William Sampson, 
Esq. In 2 vols. Plates. 

"Tliis is a calm, clear, and a 6andid book — A sober and disnasslon-v' 
ate book on this tender subject was much wanted . . Mr. Taylor has per- 
fbmied his melancholy task with no ungentle spirit, and written the most 
consistent narrative Qf thone 'events that we haVe yet seen — The work 
abounds with pictures of warand desolation— of happiness and prosperity 
■—of sudden elevations and sad overthrows ; if there is much violence 
and wrong, thiere is also much nobleness of niiad, genetoalty of nature^ 
and genaeness uf h<^art "— 7%# Athmaum, 
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PREFATORY NOTICE. 



\ 

^ Perhaps it may be more candid than wise in aa 
) author to express doubts respecting Ids own book ; 
^^ but the public deserves candour from every author, 
V and gratitude from one who has been previously 
^ ^ heard with attention and kindness. 
•-" On the present occasion, I feel an embarrassment^ 
which I have not previously felt upon ushering any 
y of my little publications into the woiid. Hitherto^ 

whatever of strength or weakness I have possessed, 
I have stood alone in it ; so (hat whatever of cen- 
sure I may have merited could only fall upon myselfl 
Now, however, I am merely making a little additioa 

Lto a series containing the labours of many authors ; 
and tliat may suggest comparisons, the test of which 
nj may be ill able to abide. 
^ (X. There is one other comparison respecting which 
<^ I feel that I am *' under the yoke,'' and that is the 
J^ comparison of what I have written with the title, 
^ ^ A popular Guide to the Observation of Nature.'^ 
I These words taken literally are presumptive ; and 
^ therefore I may be permitted to add my intevpreta- 
tion of them. A ** Guide to Nature,*' taken lite- 
^k rally, would be arrogant, because it would be assran- 
) i^ ing a knowledge of the whole of that of which the 
^ most diligent inquirer can in the longest Kfe know 
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but little. But a guide to ** Observation," taken 
unexplained, is even worse ; for unless it be in the 
use of instruments and apparatus, I know not how 
one man can guide another to observe* Mean» 
may certainly be taken to tempt a person into the 
fields : but if he will not use his own senses when 
he is once there, his case is hopeless. ** Hints of 
Inducement to the Observation of Nature," is, there- 
fore, what I have been reduced to in the execution 
of the volume, and, consequently, that should be 
taken as the fair interpretation of the title. 

Even that is no easy task. Anybody could 
write a panegyric on nature ; and so could any one 
who had access to the printed books, and a talent 
or turn that way, compile a manual of the outliner 
of Natural History, or of the details of any, or a? 
of the departments of it But the first of thr 
would not have accomplished the object which I ' 
in view ; and the second would have defeated 
object. Mere panegyric does not put anybc 
the way of kno;wing what it lauds ; and as for 
ing on Natural History, the quantity of t) 
already out of all measure compared widi f 
servaticm. There is not an apartment in the 
part of tlie British metropolis in which it y 
be possible to ^grow" a naturalist, wl* 
utterly confound the sharpest eyed ar 
headed man who ever looked at real 
reflected on what he saw. That is n 
ion» however ; and, like all fashions 
pleasure, except when it is so wor 
public notice* Now, I have no i 
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<tiatiire as a rival to the tailor or the milliner ; and 
tbevefbre I should certainly not willingly do any 
thing tending to make Natural History a matter o£ 
mere show. 

A man who observes nature is not to be supposed 
to collect an audience every time that he looks 
abroad upon the earth or upward to the sky, and 
though he be ever so zealous a member of any of 
the societies which have for their object the ad- 
vancement of his favourite study, it is but rarely that 
he can have any thing worth communicating even 
there. So that a man's contemplation of nature is, 
like his religion, a subject of personal pleasure to 
himself; and, as is apt to be the case with religion, 
if he makes too much parade of it before the world 
4ie runs some danger of losing it Besides, although 
there are few occupations more pleasant than rational 
conversations on Natural History with friends, espe- 
^ally with young friends, when one can instruct them 
without appearing to act the schoolmaster ; yet still 
the sweetest hours of a man's converse with nature 
are those during which he has it all to himself. It 
is then that the career of thought nms free and far 
-as the light of heaven ; and vanity is subdued, and 
bitterness is sweetened, and hope is elevated, by the 
comparison of one's own httle acquirements and 
cares, wi& the mighty expanse around, and of the 
perfectnothingness of this life in respect to that which 
then rises clearly and convincingly in^e anticipation. 

That is ihe feeling of natural objects which I have 
wished to excite and encourage : if that end could 
be seen and kept in view, the observation of the 
Acts would be aveiyeasy matter; and, as eveiy 
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person must begin observation in his own waj, or 
else lose all the pleasure of it, the less <^ detail 
which was mingled with the attempt to excite the 
feeling, it seemed to me the better. Following my 
own judgment on' a subject which is so perfectly 
original that, so far as I know, there is not a book 
or even a page expressly on it, I may be wrong, and 
may have failed ; but even in that case, I shall not 
feel so much humbled by absolute failure in an 
original attempt, as I should have done at inferiority 
in an imitation. 

The plan which I have adopted has been to throw 
momentary glances on those portions of nature 
which struck me as capable of reflecting the greatest 
breadth and brilliancy of light ; andsuch as I thought 
the most likely to induce the reader (and more es- 
pecially the young reader) to return again to the 
subjects, and work out the details for himself. ^ 
have studiously avoided system, because it is to f 
wished that every one should enter upon the ob? 
vation of nature unfettered ; and I have also I 
anxious to steer as clear sa possible, not on^ 
hypotheses, but of theories. 

In some places t have called in the aid of 
bers, to estimate causes of action which t 
generally estitnated in that way; but inune 
some of these numbers may seem, they are a 
what the legitimate deductions from the / 
bear. At page 76, it is stated that the b 
is, the muscular feeling-^— can divide spacr 
nicety than the eye ; and as that is not 
ance with the common belief, I shall b 
authority. Mr. James Gardner, thf 
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can nde, blindfolded or in the dark, with the natural 
angle of a diamond on hard white metal, fifty-one 
lines in the fiftieth part of an inch, and cross them 
at the same distances, with an additional line each 
way to complete the number of squares. There 
are thus 2550 spaces, or 2551 Unes in the inch in 
length, and there are 6,502,500 squares between 
the lines in the inch. These too are more regular 
in their sizes than the majority of people could draw 
lines by the eye at, say the fortieth or even the twenr 
tieth of an inch. Small as that tactual, or rather 
muscular, division is, the limit of it is in the instru- 
ments and not in the feeling ; for if it were possible 
^o obtain any cutting substance sufficiently fine, 
there seems no reason why each of those little 
spaces should not be equally divided into any num- 
ber of parts ; so .that, if the eye could see the work 
after it is done, it is probable that the muscular feel- 
ing could discriminate down to the primary atom. 

A glance at the table of contents will show the 
leading subjects, and the order in which they are 
placed ; but as the book is intended to be one of 
excitement, and not of reference, the reader must not 
be surprised if upon any, or all, of the subjects, the 
impression left on his mind is merely the desire of 
knowing more. Having said thus much, I leave 
the volume to its fiite, anxious to meet^ with com- 
mendation, but not unprepared to bear censure, if 
that shall be the way in which the chances turn^ 

Robert ifuDis. 

ChrC9e CoUagt, Kvnfft Road, CheUeOf 
NovembcTt 1832. 
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SECTION I. 
The Necessity and Use &f Observing, 

So natural is observation to us, that we in com- 
mon langruage allude to it in cases where there is 
really nothing to observe. When we are perplexed 
and m difficulty about the absent or the future, and 
take counsel together in order that, by our union^ 
we may overcome the difficulty, our words of 
mutual encouragement are, '^ Let us see ;" and when 
we have exercised our thoughts rightly, and the 
difficulty is overcome to our mind, our expression 
of triumph is, " Now we see our way." Also, when- 
ever we fail in that which we attempt, or err in the 
pevforraance of it, the cause of the failure or the 
error is, that " We do not see our way." To see 
our way, and to see it clearly, ought therefore, in 
aU matters, to be our very first object. Indeed, the 
only difference between the ignorant and the intel- 
ligent is, that the former grope, as it were, in the 
dark, and the latter see the end of matters, as if the 
road were open and straight, and the noon-day sun 
shining upon it. 

This seeing with the mindr— this light of thd tuv- 
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derstanding^, is far more valuable to us than t 
common light of day. It is our own — ^a light with 
us — ^nothing can cloud it ; darkness itself cannot hk 
it, if it is once kindled in the proper manner, an 
to the proper extent. But though it^ illuminatin 
influence be within, we must at first light it up froc 
without ; and though it be the candle of the mind, i 
can only be lighted by knowledge obtained through 
the medium of those senses with which our s3l- 
bountiful Creator has furnished us. The exercise 
of those senses is observation ; and that is the foun- 
tain of all knowledge, and the original source of all 
pleasure, whether that which we immediately know 
or enjoy be or be not present to the senses. What 
we thus obtain is unaUenably vested in us for the 
whole period of our lives. That which we have in 
our coffers ma;^ decay through time, or be destroyed 
by accident; or it maybe taken from us, or we from 
it ; and that which is told to us by others may be 
false, or we may forget it because of the weakness 
of the impression that it made ; but that which we 
see with our own eyes, or otherwise perceive with 
our own senses, is proof against accidents, against 
time, and against forgetfulness. 

In the case of old people, even after their powers 
of observation are decayed, and when themselves 
are, as we would say, in their dotage, we find that 
they enjoy themselves and are happy in the memory 
of their young years. Not only so ; but when, in- 
sensible, as it were, to the present, they glance back 
for pleasure to the days that they have hved, the 
earlier in life the occurrence is, they remember it 
the better. And past events, and past objects, get 
more shadowy, not as they are more remote, as is 
the case with views in space, but as they are nearer 
to the present time. The man of fourscore m^y 
forget that he was a man of threescore and ten ; but 
he never ibrgets that he was a boy; and one ojf the 
reasons why very old people are so fond of the 
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"SOciBty of children is, that the recollections of age, 
and even manhood, are comparatively faint on their 
memories, and they actually remember, and think, 
and enjoy themselves as children, after they cease 
to find pleasure as men. 

We call those years of extreme age — those lin- 
gerings by the grave's brink, "a second childhood;" 
and the thoughtless among us regard the appellation 
as one of pity, if not of derision. But it partakes 
of that sound philosophy and perfect wisdom which 
are contained in all proverbs and by-words which 
pass current among men, and are sanctioned by the 
general voice. Why, indeed, is it that any expres- 
sion becomes a proverb or by- word 1 Is it not just 
because the truth of it is so plain and so striking, 
that everybody, learned or unlearned, assents to it 
at once ; and that it cleaves to the memory as if it 
were a fact of which our own senses haveoeen the 
immediate evidence ? 

There is something very delightful, as well as 
something very instructive, in this revival of the 
memory of youth in the very extreme of old age. 
It is delightful to think that the mind is independent 
of time, and not sLffected by that decay which wastes 
the body, and in the end brings it to the dust. 
Were there no other proof of me mind's immor- 
tality — ^no other hope of a life beyond the grave, that 
alone would be a demonstration of it, as clear and 
satisfactory as we can obtain of any truth whatever. 

But the lesspn is more to our present purpose : 
Why is it that, when we come near to the end of 
life, and look back upon it, the events of our young 
years are the most fresh to our memory ? It is not 
the mere youth ; for there is a period younger still, 
of which we can remember nothing. Nobody re- 
members bein^ born, and there are few that remem- 
ber being earned in the nurse's arms. But if it is 
not the mere fact of our being younger that makes 
us remember better^ so neither is it that our minds 
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have more power. The power of the mind In 
nothing at all to do with goodness or badness Oi 
memory, or with the simple fact of remembering 
Persons of weak judgment have often the* be» 
memories ; and have them just because their judg- 
ment is weak. Those who have been much em- 
ployed in educating young people, and have attended 
to the subject, and been capable of understanding 
it, know very well that those pupils who can, with- 
out effort, learn every thing by rote, are with diffi- 
culty made to understand any thing ; and grown-up 
persons, that can quote " day and date" for every tri- 
fling occurrence, can seldom give a sound oi* valuable 
opinion upon any matter of importance. I knew a 
fool, who was placed under the charge of a clergy- 
man in the country, as being utterly incapable of 
conducting himself in ordinary matters (he was a 
young man of fortune, and did not need to work, 
except for his amusement), and yet he could repeat 
every word of the clergyman's sermon, tell how 
many people were in the church, how any one that 
sat in a pew named to him was dressed, or who did 
or did not contribute to the poor. He could do that 
for any Sunday, if you gave him kny hint of it ; last 
week, or last year, was all the same to him. His 
memory was, in short, as perfect as memoir could be; 
but then he had no judgment in the using of it ; and so, 
when in company, it often made him seem, and not 
unfrequently made other people feel, very ridiculous. 
It would not be fair to mention nam^s on such a 
subject ; but the fact is beyond question, and it bears 
«o closely and forcibly upon the object of this sec- 
tion, and indeed upon the whole purpose of this little 
volume, that I shall mention one other instance. 
Some time ago, there was employed, as a reporter 
to one of the morning newspapers, a gentleman of 
the most amiable . character and the mOst upright 
conduct; but one who never made a profound or 
«ven an original observation in his life, unless the 
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ttncouth juxtaposition of two matters of memory, 
between which there is no congruity or connexion, 
can be regarded as a sort of ludicrous originality. 
He had been long a faithful labourer on the estab- 
lishment, and so he attended the Upper House, 
where the every-day duty was then easier than that 
in the Commons. He took no notes whatever, and 
yet, if an unexpected debate sprang up, and he was 
left for hours before any one went to relieve him, 
he could write out the whole verbatim. While 
listening, he was literally " held by the ear," so as 
not only to be incapable of thought, but almost of 
the use of all his other senses. In the office^ too, 
he was the oracle of facts and dates ; and, as he had 
read the newspapers diligently for many years, ho 
knew almost every parliamentary sentence, and 
could tell by whom it was spoken, on what evening, 
what was the 'subject of the debate, and who were 
the principal speakers. His memory was chiefly 
a memory of sounds, and probably that was the 
reason, at least one of the reasons, why his judg- 
ment, weak as it was for the opportunities he had 
had, was so very much superior to that of the yoilng 
man previously mentioned. 

Those two instances, the one of which would be, 
in common language, called a "natural," and the 
other a " very soft-headed man," are not given with 
the smallest mtention of undervaluing the fact, or, as 
it is usually called, the faculty of memory. Far 
from it, the fact of memory is the foundation with- 
out which there can be no structure of knowledge. 
Those are merely instances in which there was 
plenty of foundation, but very little structure; and 
the perfection of the matter consists in the two 
agreeing with and being worthy of each other. It 
would be easy to give other instances; but some 
will occur to every observant reader; and indeed 
those mentioned are decisive of the point. 

It is not from the mere fact of our being young 
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when they happened, that the events of our youlfc 
return to us in our old age, while those of the more 
energetic, and therefore more valuable period of 
our manhood, which, in respect of time, are more 
recent, are forgotten, and " will not come when w« 
do call them," call with what earnestness we may. 
As little is it that our judgment is in youth more 
acute ; for we have seen that the most perfect 
memory — a memory probably more perfect, and 
certainly more minute, than that of any person of 
superior intelligence— can exist with very little judg- 
ment, or with none at all. Is it the novelty then ? 
No ; not altogether, and probably not at all ; for in 
that case, we would surely best remember the great- 
est novelty ; and that unquestionably is the first sight, 
weget of the world. 

The reason why we remember cannot be explsuned 
by the individual things that we -remember ; and as 
little can it be owing to any act of the mind, con- 
sidered as such. Where then shall we seek for it t 
We shall best answer that question by putting 
another, and pausing to weigh it well before we 
answer it. How came we by all that we think and 
know, or by all that we can think ? The answer to 
that question, if the right one, will show us where 
the mine of knowledge is, and how that mine can 
be worked ; and if we know these, no matter how 
«mall our present stock of knowledge may be, we 
«hall soon and easily obtain more-^as muck more as 
we please. 

That is a very simple question, — a question the 
answer to which requires no philosophy, no learn- 
ing, no reading, nay not even the faculty of speech ; 
and yet that question is the seal upon all the possi- 
ble knowledge of which we are not in possession ; 
and many of us live long and go down to our graves 
in ignorance merely because we do not see, of, 
seeing, will not take the trouble to break that seal. 
That truth is so very important that ve must dwell 
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R little upon it. Some may think it would be better 
to give the knowledge itself than merely point out 
the sources from whence it may be derived. Many 
persons would, no doubt, consider that gift more 
advantageous, or, at any rate, more amusing, jijst 
as schoolboys sometimes like their play better than 
they like their lessons, — or, to come nearer to the 
point, just as lazy folks like better to have things 
given them, than to make them for themselves, or 
to be told how to make them. But then we should 
have some difficulties. Some readers would know 
the subject better than we do ; others might not un- 
derstand us, not from any want of ability (for any- 
body may understand any thing, if the explanation 
of it be plain and clear enough) ; and people's tastes 
are so very different that perhaps not one in ten of 
those to whom the information was novel and intel- 
ligible would care about it. Resides, why should 
the man who writes a book treat all his readers as 
if they were beggars ? It is disgraceful to beg any 
thing, if we be able to get it by any other means ; 
and there are few names that offend a man of spirit 
more than to call him " a beggar.'' It appears to be 
more humiliating, too, to beg knowledge than to beg 
any thing else ; for few men are satisfied with their 
wealth, but most are satisfied with their understand- 
ing ; and, insulting as the word " beggar" is, it is not 
half so insulting^as the word " fool." 

The only ground upon which begging can be jus- 
tified is that of inability to work on account of weak- 
ness, disease, or decay. Indolence is too often the 
real cause ; but it admits of no proper excuse ; and 
shame, or even the whip, rather than alms, should 
be given. But there is no disease or decay of the 
mind ; and therefore the man who begs for know- 
ledge can have no plea but idleness, and shame or 
the whip ought to be more especially his reward. 
There is no harm in pointing out to lam where the 
knowledge is to be got, and now he is to get it ; but 
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there the lesson of the schoolmaster ends ; and :^ 
the scholar be still backward, " lay on the birch." ^^ 

In getting any thing, all that we need to know c^ 
where it is to be got, and how it is to be got. Tl%^ ^ 
"how" is always "how it was got before;" and tl^ ^ 
" where" is also " where it was got before," if tl^^ 
store then be not exhausted, or in the possession of 
another. But knowledge is inexhaustible ; and no- 
body can make a property of it any more than of the 
light of the sun. No man, be his power what it may, 
can make an exclusive property of that. Men may 
be deprived of it by shutting them up in dungeons ; 
and it i« the same with knowledge. You can hinder 
from it only those whom you have the power and 
the means of shutting up ; and then the knowledge is 
not one jot more yoiyr property than it was before. 
The way and the means by which we got the know- 
ledge which we do possess, are ^therefore the way 
and the means, and the only way and the only means 
by which we can get more ; and iif we use them 
rightly and diligently, the getting is a matter, not of 
doubt, but of absolute certainty. 

Let us consider those means : Do we gain know- 
ledge of a subject by thinking about it 1 We do not. 
By thinking, we may arrange our knowledge, put it 
into new shapes, and make it the means of letting 
us see what further knowledge we want, and what 
service that future knowledge is to be to us, jOst in 
the same manner that a tradesman, by examining his 
stock, can so arrange his goods, as that he can at 
once put his hand upon what he wants, and also 
know what additions it is most necessary and proper 
to make ; but just as a tradesman cannot, by, any ex- 
aminations and arrangements add one tittle to the 
quantity of his goods, so neither can we, by any 
thinking in which we may engage, add any thing new 
to the stock of our knowledge. By thinking, we can 
arrange what we do know, so that we can more 
readily use it, and we make room for other know« 
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ledg^ ; but, toe cannot think ourselves into ifn Mquaini-' 
ance with even the simplest thing that toe do not know by 
some other means. It is the belief that we can ; that 
thought will do what thought never did, can do, or 
was intended to do, — which lies as a stumbling-block 
in our path, and hinders as from knowing a great 
many things that would be yery useful as well as 
very pleasant to us. 

Then, how do we come by our knowledge 1 A 
simple case will show that better than many words 
about it: It is a lovely summer morning, the sun 
shines brightly, the air is perfumed by the scent of 
the roses ; and the songs of the birds are very de- 
lightful music. Be it so. How do we know that 
the sun shines ! " We see it with our eyes." Very 
true : we see the light, and we see the sun ; and as 
we never see that kind of light without seeing the 
sun, and never see the sun without seeing that kind 
of light, we in our thoughts associate the two to- 
gether, and can no more help saying that the son 
shines than we can doubt that we see it. 

But how do we know as regards the perfume of 
the roses t " We smell it :" and as we have never 
seen the flowers which we call roses without smell- 
ing what we call the perfume of roses ; and never, 
nmess we be able to account for it in some other 
way (as by the exposure of rose-water or oil of roses 
to the atmosphere), smell that perfume except where 
roses were near us, whether within our sight or not, 
we have learned by the judgment of our minds to 
associate the smelt with the flowers; and can no 
more refrain from thinking it the smell of roses, than 
we can from perceiving the perfume. 

In the case of the songs of the birds, there is an- 
other organ aflidcted, but the process is the same : 
the ear never hears such sounds unless there are 
birds in the case, or some substitute for birds, which 
is explainable in some other way ; and, ther^ore^ 
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we no more doubt that that song is the song of the 
birds thaii we can doubt that we axe hearing a song. 

So also, if we lay our hand upon any substance, as 
a piece of woollen cloth or a piece of iron, or taste 
any substance, as a bit of bread or of sugar, if we 
have been formerly acquainted with that substance, 
and have been accustomed to call it by that name, 
we can no more deny that it is the substance than 
we can deny our own existence. 

These matters may seem to be so simple,- and so 
self-evident, that it is a waste of time to write them 
down, or to read them after they are written. But 
that is an error ; and it is the error which keeps very 
many of us in ignorance, and makes us listless, and 
even vicious, when we otherwise might be occupied, 
happy, and doing right. That which we already 
know is the instrument, and the only instrument, with 
which we can " work out" more knowledge, and turn 
it to account ; and our senses^ or organs of observa- 
tion, are the only means through which that instru- 
ment can work. 

Those organs of observation will not cease from 
making their revelations to us, if the circumstances 
under which we are placed will at all admit of their 
acting. We cannot mark their beginnings ; and, as 
we have no positive knowledge but where we have 
had experience, we cannot even imagine what our 
knowledge or our enjo3rmeht may be when we are 
" out of the body ;" but what we receive through 
them, and the arrangement of it after it has been 
received, are all our occupation and all our enjoyment 
in this world, and the immediate purpose of these 
remarks extends no further. 

To observe is, indeed, the very constitution of our 
nature ; and though our own memories do not reach 
back to that period, and those who are very near it 
cannot inform us, yet we have every reason to be- 
lieve that life and observation begin at the same in- 
stant, and hold on their course, and close together; 
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snd that there is nothing that we can know, or 
believe, or deny, for which we are not immediately 
indebted to observation, or of which the foundation 
may not be traced to something that we have ob- 
served, however removed it may seem to be from 
the ordinary exercise of the senses. When we call 
a man of intelligent mind "a man of sense," we 
do not therefore speak falsely, or even figuratively. 
We speak the literal truth, for we mean a man who 
has used his senses to good purpose — ^a man of ob- 
servation. 

From want of knowing what led us to make the 
first observation, and how that observation was made, 
we are unable directly to school or instruct each 
other in the process of observing. But after we have 
observed and profited by it, we can retrace the pro- 
cess backwards, which is teaching by example — the 
best, and in most instances the only, method of in- 
struction! 

The inference — ^the belief, or perhaps rather the 
conviction according to which we judge or act, is 
quite a different matter. It is not an immediate ex- 
ercise of the senses, but an act of the mind — some- 
thing which follows, after the senses have brought 
in their information ; though, as the mii^l, having no 
material substance to move through space, requires 
no time to act, the act of the mind often follows so 
close on the process of sensation that we are not 
able to distinguish between the One and the other. 
The distinction is, however, a very important one : 
for the two are different, and very different ; and if 
w» confound them, we understand neither, lose the 
government of ourselves, remain ignorant, and faU 
into error in judgment and in conduct. 

But though the act of the mind is different from 
observation by the senses, that act never takes place 
unless observation has gone before it; and there 
cannot be the least exercise of the mind without a 
reference to observatioo, either immediate or re- 
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mote. It has been already said that we can hsre^ jgf 
knowledge of what the state of the mind m«^ as 
may not be when apart and separated from the bocfp-^ 
but of this there can be no doubts that if we Yiad 
been wholly without sensation, we never coidd hf 
possibility have known any thing about the material 
world — about that creation which is the source of 
so much. knowledge, and the fountain of so many 
enjoyments. 

Try to recollect or call to memory any thought^ 
whether that thought related to the departed past, 
or to the future which did not then or does not yet 
exist ; and you cannot help feeling as if you were 
present bodily on the spot, and saw sdl the parties- 
all the subjects of that thought, whoever, whatever^ 
or wheisever they may be. No matter whether the 
thought is real, that is, of realities, or not ; no matter 
whether it is even possible : still it comes as if it 
were both real and present. What Shakspeare savft 
of " the poet's eye" is partly true of " the mind's 
eye," in the most unpoetical man that lives : that 
always gives to the " airy nothing" of thought " a 
local habitation ;" and there wants only the power 
of expression in order to give it "a name." To 
give that name is, however, no necessary part of the 
thought. I^ is another and a separate operation, and 
may be inferior in men who thmk well, or superior 
in those who think but indifferently. But thought 
stands nearly in the same relation to expression^ 
that the exercise of the senses does to thought; 
where there is no thought there can be no expres- 
sion ; and if both faculties have their proper exercise, 
the man who thinks most correctly always e^qpresses 
himself in the clearest and most agreeable manner; 
and if he had, the hand of a painter, he could easily 
smd. correctly make a picture of any subject of his 
thou^ts. However long the process of thinking 
may be, the subjects are present, as if they were 
before the eyes all the time \ and one can alter their 
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relations to each other, just as if one were moving 
them about by mechanical force, and yet they pre- 
serve their identity, or are the very same parties 
amid all their changes of relation, just as the mind 
itself remains the same amid all its changes of 
thoug[ht. 

Tms changing of the relations of subjects of 
thought, to yimch we give the name of " invention" 
or ''contrivance," is very valuable. It is done in 
veiy httle time, and with no labour, for there is no 
weight to be moved, and no resistance to be over- 
come. A skilful architect will, in his own mind, 
rear a palace^ before a brickmaker can mould and 
bum a single brick; a mason fetch a stone from the 
quarry, or a woodman fell a tree ; and he will feel 
none of the fatigue and exhaustion which they feel. 
We are, indeed, accustomed to say that the mind is 
fatigued ; and when we long continue thinking on 
the same subjects, especially if there is any thing 
dispiriting in them, we do feel a sort of languor, and 
pass into a revery, or dreamy state, in which we not 
only lose the command of our bodies, as we do du- 
ring slumber, but in-the end lose the memory of our 
thoughts, just as we do in profound sleep, during 
which we nave no dreams. Everybody must recol- 
lect instances of having thought upon subjects 1^ 
the memory of all the particulars was gone ; and, 
when an author writes an original book upon any 
subject that requires close and profound thinking, 
the chance is that he shall know less of what is in 
the book after he has just finished the writing of it, 
than an intelligent reader after he has glanced it 
over. '* Don't ask me about that, for I have written 
upon it," was an habitual saying with a veteran both 
in science and literature ; and Abernethy's constant 
referring of his patients to "My book" had phi- 
losophy in it, whether he understood that philosophy 
or not. 

This fact, that we not only can,1>ut actually and 

D 
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often do, thmk ourselves out of thought 3i>d thv 
power of thinking, is a very important matter, and 
one which shows, perhaps more strikingly than any 
other, the value and necessity of observation, not 
only for making us ready and successful in action, 
but for making us ready and profound in thought. 
It is therefore worthj; of a little cMisideraiion ; and 
it is the more so that it is not much, if.at all,,noticed 
in the common books, which profess to school us in 
the most useful of all arts — the axt of making the 
best use of our faculties. 

Why do we lose the memory of our thoughts in 
sleep? The common answer is, " Because we are 
asleep ;" but though in most instances that satielies 
us, it does not satisfy th^ question. It is an identical 
proposition, the two parte of which h^ve the same 
meaning, though the words are dilferent; and such 
propositions give us no knowledge, though they de- 
ceive us with the appearance of it. If the question 
were, " How does a man get on his jotimey bjr walk- 
ing1"andthe .insivir wi'to. "Just because W walks," 
that wonM be jhsl ms much (that is, as bllJe) to the 
purpose as thi- former. 

But when vjo. consider that we lose the memory 
of onr thouf^ils when we are awake, not only occa- 
sionally, but (perhaps in all men) more frequently 
than we retain it ; and lliat wp can pass throujfh the 
d^-dream of reverj- iiito a stiile of as uIIi.t forget- 
fuhiess both of sensation and of thought, while we 
sre to appearance wide awake and walking on our 
feet, as wnen "we are in the most profound and nn- 
broken sleep ; we cannot believe that -sleep is the 
cause of forge tfulness. Sleep-walking is so very 
like profound revery during a day-walk, that one can 
hanfly tell the one from the other. Indeed the rev- 
ery may be the more " oblivions" state of the twp ; 
because in it the motions of the limbs are purposeless, 
and the " absent man," as we not improperly pall 
him,' falls into ditches, and runs his heaJi »gniiist 
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posts ; whereas the sleep-walker keeps his footing 
and makes his way in situations where he would not 
Venture, or venturing would fall, if wide awake. 

Thus the fact of remembering has nothing to de 
either with sleeping or waking ; for it may be present 
or absent in both states ; and the probability is, that 
we think just as much in an hour of the most dream- 
less sleep as we do 'when we are wide awake for an 
hour. As little does the fact of remembering depend 
on the mere thought-^ the "act of the mind" in think- 
ing, ibr that is too airy a nothing for the most lively 
imagination to give it " a local habitation," though 
we all can give it " a name," and " the sign" of that 
name can be written, and all can know it if they will. 
It is not very probable that when the author of " The 
Rejected Addresses" wasted his own wits in that 
most inimitsible of all imitations, he had any intention 
of dealing in philosophy ; but so philosophic is genius, 
even in its sportive moments, that the most ludicrous 
form^ of expression will not hide the sterling sense ; 
and we nev^ir laugh happily and heartily unless at 
that which is full of meaning. In pushing the parody 
on Byron^s philosophical but somewhat conceited 
misanthropy, to an absurdity. Smith says, 

" Tbinking is bat an idle waste of thought ;" 

but that, instead of being even an approach to an 
absurdity, is a positive and practical truth, and one 
of the most important that ever was uttered. If we 
do nothing further than think, then how fast soever 
the thoughts may arise, how profound or acute soever 
they jrnay be in themselves, and how valuable soever 
tiiey mi^t be rendered in their applications, if they 
were rightly applied, they pass' into utter oblivion, 
the oblivion of annihilation — ^a waste into which 
nothing material could pass but by the c^ommand of 
Him who made it. 

And how<;an i^ be otherwise? For what, after 
^ll, is the act of thought % It is not a thing or being 
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of any kind. It is not even a quality or appearanc 
of a thing or being. It is a mere state or mode of th 
mind ; and the mind can no more remember its state 
Uian men can build houses without materials. Th 
mental state is a mere relation, and in itself it may b^'^^ 
a relation which is altogether impossible in practic^^^ 
or it may be one which is possible ; for the relation I ^^ 
a particular kind of reference to two or more things^^^ 
and it depends on the nature of the things themselve^^ 
whether they can or cannot have that relation to each 
other. The relation of jumping over the moon, or 
boring through the centre of the earth, comes just 
as readily to the mind as the relation of stepping 
from one side of the path to the other, or of boring 
through a sheet of paper with a' pin ; and in as far as 
the immediate act of the mind is concerned, it has 
Just as much of what we call " power'* in the two 
mstances that are first mentioned, as it has in the 
other two : and ridiculous as it appears when set 
down in words, a man has mentally as mnch power 
to stand on the sun and kick aU the planets in turn, 
or even all at once, as he has to kick even the smallest 
pebble out of his way. All are equally momentary 
m the thought, and there is not the smallest fatigue 
in thinking of either. 

In the one case, we say that the thought is "un- 
natural," and in the other that it is " natural ;" and 
there lurks an ambiguity in thes6 words which mars 
our understanding, by' leading us to confound one 
thing with another, or to consider two things as only 
one. A relation may be natural to the mind, or it 
may be natural to the subjects of which the mind 
considers it a relation. To the mind that thinks, every 
thought must be natural; because an unnatural thought 
would be a thought that the mind did not think, 
which is an impossibility. 

That the relation shall be natural to the subjects 
of which we think it a relation, is a very different 
matter. It does not depend upon us or our thinking, 
but on the subjects themselves ; and we cannot think 
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mirselves into the knowledge of even the simplest 
subject, or the simplest quaUty of that subject. We 
can think only of that which we know ; and, therefore, 
though we can apply relations to subjects to which 
they never were applied before, and thus find out 
cornbinations that are new, we cannot by mere 
thinking add one iota to our knowledge of subjects. 
If we could do that in any one case, we could do it 
in all cases ; and we would know the unseen and the 
future, as well as that which . is present before our 
eyes or sounding in our ears. The fact is, that if 
we could think knowledge, all the senses of the body, 
and the body itself, would be superfluities and encum- 
brances to us ; and our whole being, instead of dis- 
playing, as it does, the very perfection of wisdom, 
would be an absurdity. 

But though the mind cannot quit its unseen citadel, 
and go forth in quest of the knowledge, it can send 
out its messengers; and it can send them as far as 
sound reaches, or heat warms, or light shines. 
Thence the senses are capable of bringing the 
knowledge of all that affects them ; and the mind 
can apply all the relations. Hence the great value 
of OBSERVATION, and the ignorance, blundering, and 
misery of those who do not duly practise it. The 
mind can compare subjects, or judge, as we are in 
the habit of calling it ; but the mind always appeals 
to its witnesses, the senses, in the case of subjects 
and existences; and it can have firm and absolute 
belief no further than it is borne out by them. 

It is here that the obstacle lies which keeps so 
many of us in ignorance, leads us into error, and 
causes us to be miserable ami^ all the fascinations 
of a. world, the mere contemplation of which would, 
if we knew better, fill us with perpetual delight, and 
reduce to comparative nothing those little disappoint- 
ments and cares which keep lis in a state of annoy- 
ance, and hinder us from tasting "the good which 
God has given us.*' We do not Sstinguish between 
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Vtk% pwttly mental act of perceiying relation, and the 
mind? act through the senses in perceiving redUty; 
and for that reason we generally use only half our 
tytten^— work with half our strength. Not half of 
it even— no, not a tenth ; for the real power is in the 
union of the two. 

When we use our senses, we do not think ; and 
80 the object of those senses can be turned to no 
profit, and give us no pleasure. If we do not think 
at the same time, the appearances of objects have 
no more effect upon our organs of sense than sun- 
beams when they play on the snow-clad summit of 
a lofty mountain ; they are reflected away in an in- 
stant ; and that which would have warmed a more 
genial place into life and beauty is gone — ^wasted, 
never to return. How, scorpion-hke, a little bit of 
the tail of some day spent in favourable places, but 
spent thoughtlessly, will turn and sting us with the 
remorse of how much we have lost, and lost neVer to 
be recalled or replaced ! How often, even when the 
most delightfully instructive prospects are before us, 
have we reason to address ourselves in the words of 
Macbeth to the ghost of his murdered friend : , 

'* Thou hast no speculation in these eyeti 
Which thou dost glare with." 

And we, too, are murderers, and murderers '^red 
hai^^'in the fact, and not in the remorse caused by 
the dogging ghost of that which we are murdering. 
We are murdering Time — the means of all know- 
ledge, and the measure of all enjoying ; and, inde- 
pendently of the direct loss, which is. irreparable, if 
the ghost of murdered Tihne shall, at any period, rise 
and haunt us, it is one of the most terrible of ghosts, 
and we must abide its tormentings alone and unpitied. 
This abuse of our time, and neglect of thinkings 
instead of working its own cure, throws us into the 
opposite fault; and, just because we have gazed 
without thinking, we think without observing, and 
lo^e both the time and the thought ; and lose it in 
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Utter oblivion, out of which not even the' ghost of the 
departed day can return to torment us into the 
chance of amendment. If we would have the credit 
of bein^ thought thinkers (for the course that we 
pursue IS any thing but that which will lead us to 
the reality), we must " look wise," and turn up our 
eyes, and shut our ears, and, as it were, barricade 
ourselves against every possible intrusion of the 
external world. It is true that there is no direct 
harm in a man's looking as wise as ever he pleases, 
if so be his fancy — though looking wise is proverbially 
not one of the signs of being wise ; but it is also true 
that men who always closet themselves for abstnise 
thinking, not only incapacitate themselves for active 
life, but defeat the very object they have in view. 
They become moping and absent; and, following 
their own particular study into holes and corners out 
of its connexion and use, thev get narrow and conr 
deited views of it, and not only make it repulsive to 
the more active part of the world, but actually advance 
it less than they would do if they treated it in a more 
popular manner, and blended their thinking with 
more of ob6ervatton. 

It is true that observation and thought cannot go 
equally together oh all subjects of which even the 
plainest man may have occasion to think. Observa- 
tion is chained to matter-r^limited in time and in 
space ; and, in all respects, thought is free. Sof that 
any man's personal observation is the foundation of 
only a very limited portion of that which he learns. 
But still it is the test by which he tries the reahty 
of the whole ; and the only test by which he can try 
whether each part be true, and deserve the name of 
knowledge. That being- the case, though we cannot 
extend our personal observation to every thing, the 
more extensive that we can make it, always the 
better. Truth — the agreement of the relation with 
the nature of the subjects to which we apply it, csin 
be ascertained only by observing the fact that it is 
so : and, therefore, by having the test of observation 
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always ready, we elicit valuable thought, and get rid 
of much useless thought altogether. 

Besides, as we remember thoughts only from their 
connexion with ^what we have observed, or could 
observe if we were in the right place at the proper 
time, it follows that the results of our observations 
are not only the most easily remembered of all 
thoughts, but they are, as it were, " nails in sure 
places," to hang the rest upon. If a story, or an 
abstract truth, or any matter of that kind, be told 
when one first .visits the sea, or a mountain top, or 
any place that is calculated to make a strong im- 
pression on the senses, it is rarely, if ever,<forgotten. 
The old practice of whipping all the -children of the 
manor at the march-stones, dr on perambulating the 
boundaries, though both a Uttle ludicrous and a little 
cruel, was a very certain way of getting witnesses 
to the identity of the stone. Men never forget those 
lessons for v^hich they were whipped at school. That 
may not be the best, and it is certainly not the most 
pleasant way of ^* hammering things down on the 
memory;" fcnit an impression on the senses, some- 
thing that can be observed, and observed with 
pleasure, not with irritation, is highly desirable. 

How often do we, because we want the test of 
observation, treat the unknown and the absurd ^ if 
they were true. That is^ot done from any imper- 
fection in the. act of judging: for ignorant people, so 
far as they do knata, judge as correctly as the learned ; 
and, indeed, often far more so, because, w;ith ignorant 
people, observation, the test of. truth in judgment, 
forms a much larger proportion of their thoughts. 
And indeed we cannot ascribe unsound judgment even 
to those who err the most in their decisions. The 
judgments of the mind are in all cases tnie and 
accurate, according to the evidence which is before the 
mind at the timez and if men were equally in pos- 
session of that, the judgment of one man would be 
just as sound as that of another. If that were not 
the case« it would be difficult to show how any perr 
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«on, unlearned or learned, could give any judgment 
at ill. As that is a very important point, let ub illus- 
trate it by an example : 

Suppose, then, that a man had the evidence of a 
long and intimate acquaintance, during which yoii had 
told him nothing but truth ; suppose him at the same 
time ignorant of the structure of the mammalia, or 
quadrupeds with warm blood, and also of the animals 
of any distant country, as Africa; and suppose you 

t(M lijm, in your usual friendly and inatru'*' 

ner, that there had just been discovered, i 



a new species of creatures, which had four legs, 
upon which tbey could run or bound as fleetly as 
antelopes, and on their shoulders, above the fore-legs, 
feathered wings, more powerful than the wings of 



the man help beiiering you 1 If he were a mere 
eathct dabbler in natum history, the chance is that 
he would believe you all the more readily ; because 
he would of course have heard of, and perhaps also 
seen in a specimen or a figure, the Ormthorhynaa 
paradoxttt, which is found in some of the pools of 
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New-Holland ; and which, to external appearance, 
has the bill of a duck, the body of an otter, the feet 
of a turtle or water tortoise, and the spurs of a cock. 

That creature actually seems to combine the prop- 
erties of quadruped, bird, and reptile ; and, there- 
fore, to one who did not see farther than the surface, 
the knowledge of its existence would tend to con- 
firm the m^s belief in your story of the winged 
antelopes. 

But suppose, again, that a third party, whom the 
credulous man had known less intimately than he 
had known you, or who had "hoaxed" him on a 
former occasion, were to ridicule the notion of the 
four legs and the feathered wings ; and even to say 
that these two sets of Extremities were quite incom- 
patible with each other, that would still confirm rather 
than shake the man's belief. Thus it is dangerous 
for hoaxers to tell ignorant people the truth, or to tell 
the truth hoaxingly ; for in both cases error is for- 
tified against it. 

If however apy one wepe to instruct the credulous 
man in the anatomy of quadnipeds and birds, or if 
he were to learn it from actual observation of the 
parts, or from representations which, in his belief, 
carried the same weight as observation, so as to, 
enable him to see that legs and wings so jumbled 
together could not act ; and if he were further con- 
vinced that no animals, in their natural and perfect 
state, had either legs or wings that they could not 
use ; then he would hot only disbelieve your story 
of the winged antelopes, but his faith in sdl that you 
said would be shaken. 

We can, therefore, have no certain knowledge of 
realities, that is, of beings or things, but what we ob- 
tain from actual observation, or from that which we 
believe to be true, and capable of abiding the test of 
observation, if it were brought to it; and in both 
cases our judgments are either mere prejudices, or 
"judgments without or against evidence," or they 
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kre open to be changed by new observation or new 
testimony. View the matter as we may, therefore, 
we find that, if we be not diligent in observing, we 
never can avoid error. 

There yet remains one other use of a habit of close 
and constant observation, which is, perhaps, more 
conducive to the dignity of our character, and our 
success in the world, than any of those more general 
ones that have been hinted at ; and that is, the readi- 
ness and rapidity with which we can, not only judge, 
but judge rightly. That is what is called ^' decision 
of character :^^ and when genuine, and exercised within 
tne proper bounds, it is probably the most valuable 
temperament of mind that man can possess. 

It stands opposed to " indecisions^'* in which a man 
cannot weigh the evidence ; and ^^ fastidiousness,''^ in 
which the time and attention are wasted upon trifles 
which form no important part of the evidence at all. 
The first of these is a vice, arising from want of 
thought to accompany observation, and make it ready 
for use ; and as such it may be considered as a 
characteristic of the " shallow-minded," as we call 
them. The second is the vice of those who think 
more than they observe ; and it is a characteristic 
of the ^* tittle-minded," among the learned. 

But there are also counterfeits of decision of char- 
acter; and they are vices. of rude and vulgar minds. 
There is **headlongnes&," which rushes forward to 
decide and act, with little or no attention to the evi- 
dence ; and^" stubbornness," which will not reverse 
the judgment, although the new evidence be conclu- 
sive against it. 

A genuine decided character, — one which will 
enable a man to carry all his plans into effect with 
success, and to ride buoyant upon every wave of the 
sea of trouble, is perhaps not to be attained, at least 
early in life, without a certain degree of stubborn- 
ness ; and as Oiat stubbornness produces a sort of 
contempt for advice and new information, even in 
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the cases in which the obtaining of these is the mc»/ 
desirable, there is some danger of failure and reverse, 
after success has lulled caution, and time beffun to 
blunt the edge of observation. The man of truly 
decided character must be one who is capable of 
taking long and clear views into the , future ; but as 
the past is the only telescope through which the 
future can be seen, the man of truly decided char- 
acter must be an incessant and also a silent observer 
from his youth. The stubbornness which often 
combines with and tends to endanger decided char- 
acters, has in its nsiture some resemblance to fatalism, 
or a belief in the cert^nty of future events, without 
any evidence, or with very slander evidence from 
the past ; and through that pften leads to success, by 
keeping the thoughts fixed upon one object, and thus 
producmg a continual tendency to find out and take 
advantage of every thing hkely to forward the ac- 
complishment of that object. Upon the same pdn- 
ciple, prophecies made determinedly, and with 
knowledge of* the m^ans of. accomplishment, are 
made conducive to that accomplishment. Napoleon 
Bonaparte is, perhaps, the most remarkable instance 
of decision of character, and also of the ultimate 
failure of that decision, that occurs in well authenti- 
cated history; anid therefore his life, if properly 
vnitten, would be highly instructive. But as times 
like those which called him forth do not very fre- 
quently occur (and the less frequently the better), 
he can serve as a model Or a warning to few. Use- 
ful examples may, however, be found in most places, 
in men who from small beginning^ have risen to 
eminence by means the most honourable ; and with- 
out any of those imforeseen advantages which are 
usually called points jof good luck, or good fortune. 
Such are some of the -advantages that result from 
observation, duly tempered with thought. We shall 
next show that there is pleasure in the practice ; and 
explain how the works of nature are the grand field 
for its exertion. 
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SECTION II. 

The Pleasure of observing Nature. 

It is impossible to imagine a happier combination 
of qualities and circumstances than when that which 
is of the greatest use to us, at the same time affords 
us the greatest pleasure ; and if it so happen that that 
pleasure, instead of palling upon the appetite, becomes 
the nvore (Exquisite the more heartily and the longer it 
is enjoyed, then the happiness thence arising may be 
considered as the very best that human beings can 
enjoy. That is the case with the observation of na- 
ture : nothing can be more useful than that, for it is the 
source of all that we know ; nothing can afford higher 
pleasure, for it is the source of all that we can enjoy ; 
and we can never tire of it^— it never can pall on the 
appetite, because it is always healthful and invigo- 
rating in the pursuit, and new at every step we t^e 
and at every moment we live. . It brings us a two- 
fold pleasure : it saves us from misery, and it affords 
us direct happiness ; and there is scarcely an ill in 
life for which there is not, if we could find it out 
and apply it, a balm in the creation around us. The 
Author of that has so tempered the productions of 
the eiaurth and the waters, and the change^ and the 
appearances of the atmosphere, to the wants of man 
in every ^one, from the burning equator to the icy 
pole, that, amid all the varieties of season and cli- 
mate, the man who knows and loves his country 
(and knowing it he cannot but love it), thinks his 
own cocmtry the very best ; and would migrate in 
sorrow from the ice-clad rocks of Labrador to the 
perpetual spring and unchanging verdure of the At- 
lantic isles. The Bedouin, who careers over the 

E 
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sandy plain, fleet as the whirlwind, carrying his 
handful of dates for his day's repast, and marching 
twenty miles to the palm-encircled pool, at which 
he is to quench his thirst, would not give up the joy 
of the wilderness for the fattest plains and the most 
gorgeous cities. He has known nature, and seen 
the working of nature's God in the desert, and be- 
yond that, or higher than that, the very excess and 
perfection of man's workingcannot give him pleasure. 
And who are they, whose ancestry in their pres- 
ent localities stretches backward till its fading 
memorials out-measure not only all that has been 
written, but all that has bjeen erected in brick or in 
marble, or in the aged granite itself — the. primeval 
father of mountain and of rook ? , Are they the in- 
habitants of fertile plains, spreading wide their pro- 
ductive bosoms to the sun, rich in flocks and herds, 
thronged with villages, and joyous with cities and 
palaces "? 1 trow not. They are the men of the 
mountains ; and if there is love of country upon 
earth, you will find it where there is only a moun- 
tain pine, a mountain goat, and a mountaineer, as 
fast rooted and as firm footed on the rock as either. 
Ask of the mountains of your own country ; and 
Snowdon shall answer to Ben-Nevis, and Wharnside 
shall respond to gray Oairnjgorm, " We have known 
our people for a thousand years^ and each year of 
the thousand they have loved us the more. Our 
summits are bleak, but they point to heaven ; they 
are hoary with eld, but the- hope of immortality 
breathes around them . " Glance your eye over Asia, 
and you shall find, that while conquest and change 
of race have swept the {dains of Euphrates and 
Ganges like floods, and the level steppes of Siberia 
like the north wind, Caucasus and Himmalaya have 
retained their people, and their tuneful cliffs echo 
the same language as they did in the days of the 
patriarchs. And who, too, had footing on the Alps 
before the Swiss, or on the Pyrenees before the 
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Basques ; and how long did the expiring sounds of 
the Celtic language wail among the Cornish rocks, 
after the lowlands of England had become Roman, 
Saxon, Dane, and Norman, by turns, and the mingling 
of a fivefold race had given to the country the most 
capable population Under the sun T Turn whither- 
soever we will, on the surface of the globe, or in 
the yeafs of its history, the discovery is ever the 
same. The Phenicians were once great in Northern 
Africa, and the Egyptians mighty by Nilus' flood ; 
but where now are the ships of Carthage, the palaces 
of Memphis, or the gates of Thebes ; or where are 
the men by whom these were erected, or the con- 
querors by whom they Were laid waste 1 The cor- 
morant sits solitary on those heaps by the Euphrates, 
where the conqueror of Egypt erected his throne ; the 
Goth and the Hun trod with mockery over the tombs 
of the Scipios ; and the turbaned Arab has erected 
his tent over the fallen palaces of Numailtia ; but 
the clifi^ of Atlas have retained their inhabitants, and 
the same race which dwelt there before Carthage 
or Rome, or Babylon or Memphis, had existence, 
dwell there still, and, shielded by the fastnesses 
of their mountains, the sword will not slay them, 
neither will the fir^ bum. Everywhere it is the 
same. If we turn our observation to the west: — 
the plains of Guiana, and Brazil, and Mexico, and 
Peru, and Chili, and Paraguay have been rendered 
iip to the grasping hand of conquest ; and, because 
of the gold and the silver they contain, the thickly- 
serried Andes have been held by the skirts ; but the 
red Indian is still in his mountain dwelling ; and in 
spite of all that fanaticism and avarice, yet more 
fell, have been able to accomplish, in the very pas- 
sion and intoxication of their daring (and they 
have been dreadful in those sunny lands), Chimbo- 
razo looks down, from his lofty dwelling among the 
earthquakes, on the huts of his primeval inhabitants; 
and Orizaba yet mingles his smoke with that of &[e9 
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kindled by the descendants of those whose ances- 
tors tenanted his sides before Mexico was a city, or 
the Atzoc race had journeyed into central America. 
Now, whenever the globe speaks in unison from 
every point of its 8iirr,!.i', jiiil liiatdiy brings Iiisli- 
mony from its every i^ncc, we may rest assured lliat 
there is more than Cpiumon instruttion in the tale; 
and, therefore, we tlnmld read and meditate upon 
it with more than ordinary attention. And why is 
it, that man not only dines with the greatest perti- 
nacity to those placi ^ of tbe earth to which, as wB 
would say, nature hii'; been the least bountiful, but 
also loves them with ( he most heartfelt aiFection, and 
acquires an elevation of mind, a determinedness of 
purpose, and a joyance of spirit in them, more than 
in places which riwond far more in the good things 
of this worid 1 The ftcts are certain and absolute ; 
for there is not one rsci^ption to them ; and there- 
fore the lesson thattlu'y teach us must be wisdom. 
It ia wisdom, too, whirh hears directly upon our 
~r««ent object ; and it iB wis^m which is soon 
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It is simply this : that in tbose wild and, as we 
wonld call them, barren places, man's chief occupa- 
tion and converse are with nature: whereas, in 
richer places, where there is more to tempt worldly 
ambition and worldly enterprise, art is his chief 
occupation, and becomes by habit his chief enjoy- 
ment. Now, up to a certain point, and that as nigh 
as you please, so thai it is not exclusive, the prac- 
tice of art IB highly commendable ; and people can 
never make too many useful things, make them too 
well, or be too dili^onl, or take too much delight in 
the making of them. It is that attention to art 
which has made our country what it is, — given to 
the humblest of our cottagers comforts for which 
the cliiefs and kings of some tribes would he de- 
lighted to change their kingdoms and thrones. Not 
only that, but which, in absolute comfort, and in 
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that ^atest of all comforts, the means of acquiring 
information, has placed the peasant of the present 
day in circumstances more favourable than those of 
the peer two centuries. ago; which has now rooted 
itself firmly throughout the country, and is like a 
goodly tree, ever verdant and ever fruitful, rearing 
its top to the heavens, and spreading its boughs to 
the uttermost ends of the earth. Well should we 
love that, and dear to us all should be that country, 
those fathers, and those institutions which have 
brought it forward, and preserved it for our use ; and 
gladly should we bestow our brightest thought and 
our best nerved arm upon the farther spread and 
perfection of it ; so that we may not have the ignoble 
name of the " idle generation ;" but make our chil- 
dren still more indebted to us than we are to our 
fathers. 

But though the obligation on us to do that be of 
the clearest and, at the same time, of the most im- 
perative and binding character, it does not thence 
follow that we too should not have our full share of 
enjoyment. Indeed, that is absolutely necessary to 
the successful execution of the other ; for it is mat- 
ter of common observation, that the miserable work 
miserably, and spread misery around them, as an 
unclean thing spreads corruption. 

And we really have the key to that enjoyment, 
in the character and conduct of those mountain 
races to whom allusion has been made,, inasmuch 
as their love of nature^ and pature which is barren 
as compared with ours, is really greater than our 
love of all the nature and all the art which we pos- 
sess. The Grecian fable of Antaeus, the earthly 
giant, wrestHng with Hercules, the giant of celestial 
descent, is far from an uninstnicting one ; because it 
may show us, and probably was intended to show us, 
how we may most successfully wrestle with the giant 
of our cares, under what form or circumstances so- 
ever that giant may assail us. When Antaeus was 

£2 
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in dan^r of being worsted, he ** touched the earth ;^ 
and the instant he touched that, he became reno* 
Vated, and more mighty than his antagonist. So 
also, when we are worn out by business, when we are 
exhausted by study, when we " donH know what to 
do with ourselves^' with Hstless idleness ; nay, even 
when our Umbe are pained, and our temples throb- 
bing with disease, if we would " touch the earth,''-' 
hold converse with nature for a little, in the way ol 
knowledge, we would find relief in all cases, ano 
renovation in many. 

If we examine the matter aright and carefully, we 
shall find that at all ages, and under every circum- 
stance of life, it is really nature which sweetens our 
cup, and that, skilfully used, there is no gall in life 
so bitter as that nature cannot turn it into honey. 
Look at a little child on the meadow, — ^no matter 
though it has been bom in the very heart of a city, 
and seen nothing but brick walls, and crowds, and 
rolling carriages, and pavements, and dust; let it 
once get its feet upon the sward, and it will toss 
away the most costly playthings, and never gather 
enough of the buttercups, and daisies, and other wild 
flowers which prank the sod. And if it shall start 
a little bird, which bounces onward with easy wing, 
as if it were leaping from portion to portion of the 
sightless air, how it will stretch its little hands, and 
shout, and hurry on to catch the living treasure, 
which, in its young but perfectly natural estimation, 
is of more value than the wealth of the world. And 
if the bird perches on the hedge, or the tree, and 
sings its sweet song of security^ " the« little finger 
will at once be held up by the httle ear," and the 
other hand will be extended, with the palm back- 
wards, as if a sign were given by nature herself for 
the world to listen and admire. Infants are, in 
truth, our schoolmasters in the study of nature ; and 
though we might feel. our experience compromised 
in learning wisdom of them, there is no reason why 
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we should turn our wisdom into folly, by refusing to 
learn a little happiness. Grant that age and gravity 
are as wise as you will, the palm of happiness must 
be awarded to early youth,— ^to those sportive days 
and nights of sound repose, before the business .of 
the world has come upon us, and absorbed all our 
attention. Now, as the aim and object of all that 
we do is happiness, why should not we make the 
happiness of our youth a store through life, and an 
increasing store, as well as our knowledge ? Our 
bodily activity and pleasure have their periods : they 
wax and they wane, just as is the case with matter 
and all the qualities of matter ; but happiness, like 
knowledge, is in the mind, and they should strike 
hands like twin-brothers at our birth, and never quit 
us, or gain upon each other, till they bring us to 
those regions in which both shall be in maturity, and 
our bliss perfect. 

In our business or profession, we cannot carry the 
child with us through Ufe. life is a succession of 
inferences, the fruits of experience; and in it we 
must have the wisdom of age to give counsel, and 
the vigour of manhood to carry that counsel into 
execution. But still, while we counsel vrith all our 
wisdom, and execute with all our might, we are Uke 
Antseus wrestling; and if we come not down and 
touch the earth, we shall be, as Antsus was when 
prevented from that, overcome and vanquished. So 
that, even in order to work properly aiMl pleasantly 
as men, we should continue to play like children ; 
and if our play-hours be shorter and farther between, 
they will be sweeter, because they will always have 
the freshness of novelty. 

The value of things never strikes us so forcibly 
as when we are deprived of them ; and if we were 
to think how sad an inroad would be made ^pon our 
happiness were we deprived of only a small portion 
of naiure, or of one of those senses which were 
given to us for the purpose of knowing it, we would 
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picture formed on the retina of the eye, that give 
ns notions of distance and also of magnitude. Th 
formation of that picture, though^ as there is littl 
doubt it does, it takes place in the living eye, ii 
after all, merely a mechanical matter ; and any on 
can produce it at pleasure, by closing the shutte 
boring a hole in them, placing a glass which is cO 
vex, or thick in the middle, in the opening, and hol(|^ 
ing a sheet of paper at the proper distance behin<^ 
Not only that, but, by means of mirrors properly 
placed, or prisms of glass, which reflect from their 
hinder surfaces, we can convey those images of visi- 
ble things whithersoever we will. That beautiful 
contrivance of Ramsden^s, which, from being in itseU* 
invisible, is called " Ramsden's ghost," is k remark- 
able instance of that. In' a fine astronomical instru- 
ment for taking the elevations of the celestial bodies, 
it is necessary that the plummet, should, by means 
of the spider's thread, or whatever other delicate 
substance is used for marking it, pass in a down- 
ward line, from the very centre of the axis on which 
the instrument turns to the very centre of the earth. 
The axis itself is enclosed in the workmanship, so 
that the observer cannot see it, or make any direct 
reference to it for adjusting his. instrument; but 
Ramsden's ghost brings it faithfully to his view, let 
th^ path be ever so intricate or circuitous. On the 
axle there is a dot no bigger than a pin's point : one 
prism receives the light from that, reflects it to an- 
other, that to a third, and so on, till the picture of it is 
thrown upon the limb of the instrument, just wh^re 
it is crossed by the spider's tluread of the plummet ; 
and as those prisms are all perfectly parallel, the 
reflection is made to fa^ on tne limb more exactly 
under the very centre of the axis than any one could 
discover by immediate observation. Thus we can, 
by means that are perfectly mechanical, do even 
more than eyes can do in the forming of a picture on 
the retina. Therefore, we are warranted in con* 
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eluding, that that is not the act of sight, but that 
there is something mental consequent upon it, far 
more nice and curious than any thing which mate- 
rial eyes can discriminate. And we have proof of it, 
in those pictured scenes which, sleeping or waking, 
arise to the imagination, fair different from any thing 
that the eyes ever beheld, and yet equally bright and 
perfect in the colouring. But those imagined views 
are, in truth, all nfiade up of that which has been 
seen, or otherwise perceived by the senses; and, 
•therefore, though, after observation has given us the 
-materials, we can, by the operation of our minds, 
work it into endless forms and combinations of de- 
light, we must obtain the materials originally from 
observation. Nor must we forget to bear in mind, 
that the case is here the same as it is everywhere 
else ; we cannot " gather grapes of thorns, or figs 
of thistles ;" we cannot build palaces of marble, if 
we have observed only mud and rushes. If our ob- 
servation has been narrow, our imaginings must be 
meager; and if our observation has been vnlgar^ 
they must be mean* 

The formation of those imagined works is perhaps 
the very highest 'pleasure we can enjoy, aiid it is the 
foundation of all that we invent and the greater part 
of what we do. If, therefore, we do not, by obser- 
vation, find the mind suflicient materials whereon it 
may work, and out of which it may elaborate valua- 
ble or spleihdid combinations, we chain ourselves 
down, and are humble beings in the estimation of 
Our neighbours, and wretched in our own feelings : 
we not only cut oui^elves off from a vast volume of 
enjoyment; but we blight and wither our very 
powers of enjoying. 

The ennui that comes upon us when i^ have 
been lonp^ idle and listless, and the revery and obli- 
vion which are consequent upon excess of mere 
thought, without the exercise and use of the senses, 
are proofs of the pleasure that we do derive, and 
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were meant to derive from observation, and espe- 
cially from the observation of nature. All of us, 
too, may find practical proofs more convincing than 
even these. A sleepless night, even when the couch 
is soft, and the body free from pain, is one of " the 
miseries of human life." How long and how lonely 
it feels ! The clock beats hours instead of seconds ; 
and it seems an age before it will count to us that 
hour which is a pledge that the dawn is to break, 
and the sun to anse and reveal the world to our ob- 
servation before the clock shall number another. 
But even then we have feeling, and the very dark- 
ness makes sound more audible. Yet still our sitn 
nation is painful, s^hd though we are fatigued and 
exhausted, we want something ; and cannot, on that 
account, find repose. If we rise, and open the case- 
ment, and see the moon among the light clouds in 
the west, or the stars and planets in the clear sky, 
or the suramejT lightning playing from cloud to 
cloud ; or if we even see the lamps in the street^ or 
the outlines of the buildings, or of trees and hills, 
how dimly soever, against the sky; we feel our 
connexion with nature-, — even that little of obser- 
vation dispels the revery of the night, — our minds 
are tranquillized, we return to bed renovated in 
our minds,. and refreshed in our bodies; and that 
sleep which fled us when we before sought it with 
diligence now comes unbidden, because we have 
wooed it in the right way — ^by the observation of 
nature. 

If we loiter on the sleepless pillow, and have ijot 
resolution enough to get up, then our torment lasts 
till the dawn has so far advanced as that we can see 
distinctly, or till the beams of the early sun are 
breaking in through the chink of the shutters, or the 
opening of the curtains ; but soon after even the 
articles of the room are revealed to our observation, 
our minds are tranquillized, and we glide into dozing 
slumber. 
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Even those contrivances to which we resort for 
the purpose of procuring sleep, are proofs that ob- 
servation is the means by which we obtain that re- 
freshment. When the mother stills her infant to 
repose, it is not by silence, which, as it is the ac- 
companiment, we would naturally think should be 
the best means of procuring sleep. She sings her 
lullaby ; and it is well worthy of remark that the 
sweeter her voice is, and the more musical and 
modulated its tones, the sooner does her smiling 
charge sink into that balmy rest which is so essen- 
tial to its present health and Its future growth. The 
ticking of the clock too, the slow dropping of water 
from the eaves of the house, the chirping of the 
cricket at the hearth, and the booming of the wind, 
and especially its soft music in the chinks and cran- 
nies, where it is murmuring in promise of rain, all 
lead us to that comfortable state of tranquillity which 
is the preface to balmy sleep. » 

In all these cases, it is really observation which 
is the solace of the mind — ^the all-headthful medicine 
which drugs the body to a state, of wholesome and 
invigorating repose ; so also, in the contrivances to 
which we have reccRirse in order to procure sleep, 
if it is not dirept observation, it is something very 
much resembling it, which is the real cause why we 
obtain that refreshing sleep which mere quietude 
will /not bring us. Ordinary people have recipes for 
sleep, which are all but infallible, in slowly repeat^ 
ingjhe letters of the ali^abet, or counting the num- 
bers upwards from one, until sleep puts an end to 
the monotonous repetition. . Those who know a 
little more may be proof against these very simple 
contrivances ; but they, too, have their resources^ 
and they all in so far resemble observation^ — ^they 
are all operations of the mind, upon something which 
stands out clear and graphic, as if there were a pic- 
ture of it before the eyes, and only one step removed 
from actual observation. The multiplication of two 

F 
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numbers, the division of one number by another, 
the summation of a series, or the solution of an 
equation are all infallible recipes for sleep ; and, if 
a moderate degree of preparation was necessary, I 
have never been able to keep awake so long, sls to 
complete the square in a common quadratic. These 
may seem to be trifling matters ; but, in truth, great 
part of the enjoyment and happiness of our lives is 
made up of such trifles ; and it is very often just be- 
cause the sources of error and misery are in trifles 
so light that We deem them unworthy of notice, that 
we do not stop them at the outset ; but suffer them 
to grow and gather, till our habits are debased^ and 
our happiness is destroyed. 

Indeed, it is through affiected contempt for what 
we consider to be small and simple matters — ^matters 
too minute and trifling for the range and grasp of our 
extended and powerful minds — ^that we are so of^en 
ignorant of what we might easily know; baffled 
with what we might easily accomplish ; and, in con- 
sequence, miserable, when it would really cost us 
less time and trouble to be happy. In matters of 
bodily, action c^rUy we do not so frequently fall into 
those mistakes. We are not vexed and mortified 
because we cannot shoot across the Thames by one 
motion of the swimmer, or because every stroke of 
the oar does not get us along a r^ach of that river. 
We feel iio mortification because .we cannot plant 
one foot at the general post-oflfice and the other at 
Bristol or at York ; and even Sir Christopher Wren 
thought it no humiliation that the splendid pile of 
St. Paul's had to be built up in a number of little 
parts, stone by stone, and brick by brick. In all 
these visible cases, which are, as we may term 
them, matters of pure observation, we are perfectly 
contented to take " the method of inteipolations,'* 
and we should be accounted stupid — absolutely out 
of' our senses, if we even spoke of jumping to the 
conclusion at a single bound. We know the length 
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of our leap, and we know our strength. If the 
stream is too wide, we lay stepping-stones, and if it 
is also too deep, we take the boat, or go round by 
the bridge. In aU these cases, the present step of 
our progress is the footing that enables tis to take 
the next step, and we know that that is the case, and 
act accordingly, — if the last planted foot is not on 
iirm ground, we pause, and consider before we move 
the other. 

Now, it would save us from much disappointment 
and uneasiness, and so give us much indirect plea- 
sure, as well as the immediate and positive {Measure 
of succeeding sooner and better, if in all matters of 
thought and knowledge we would take along with 
us the lesson which observation here gives us. In 
matters of mere thought, the mind neither knows its 
own power nor its own rapidity ; because, in thought, 
we can do any thing, and we take no time in the 
doing of it. But there is no action, «nd no use, in 
which the body does not bear its part ; and, there- 
fore, if the mind does not take the body along 
with it, our thoughts are idle dreams, not capable 
of being reduced to practice, and hence of no use 
or value. It is the former step that supports us 
while we take the present one, as it is the former 
course of bricks or stones that supports the one 
which we are building, and enables us to build it ; 
and as, without the former, and the former in imme- 
diate juxtaposition, we could not possibly have the 
latter in either of these, or in any one practical case 
that we can imagine ; even so it is in all mattera 
of thought, if these are to be of a practical kind, or 
in any way to deserve the name of knowledge, or 
even to return in that suggestion which we call menv' 
ory, or be any thing else than an idle waste of the 
time that they take in passing, and anguish and re* 
morse because that time has been wasted to so little 
purpose. 

If we could always thus " keep sight of observa- 
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tion," in our thinking, we would have the consolatioi 
of knowing that we were in every instance " think 
ing rightly and to some purpose," — ^that every thought 
would " tell" practically ; and that alone would give us 
both coUectedness and pleasure. As we would thai 
never attempt any thing but what we felt confidem 
we could do, we would always likve the exultatioi 
of success to cheer us on. 

Now, it is only in the observation of nature thai 
we can get that ready-mindedness which cheers m 
on with the confidence that we are always thinking 
aright and to good purpose. Our business, if W€ 
are to conduct it in the most successful and propei 
manner, must not be half so wide in its range as a 
mind of even any ordinary capacity will wander 
and as for the productions of art, though many of 
them are curious, and far from unworthy of our at- 
tention, in order that from them we may " learn tc 
excel," they are at best but second-hand applica* 
tions of those properties and principles which wc 
find original and fresh when we turn to nature itself 
The very depth of- human knowledge, and -the very 
height and perfection of human artj are, in truth, 
nothing more than the revealing and applying of a 
few of the laws and principles of nature ; and though 
we often flatter ourselves that there is something 
profound in what we know, and mighty in what we 
do, it is still all in nature ; and what we call in- 
ventions, even clever ones, are only the applications 
of discoveries ; and of discoveries which he as much 
in the way of one man as another, if both are equally 
diligent in search of them. 

It is matter of common remark, that many of the 
most valuable discoveries, 07 applications of discov- 
eries (call them inventions, if you wiU), have been 
made as it were by accident, by persons -not having 
many of the ordinary pretensions to knowledge, or 
not being those to whom we would have looked for 
such discoveries or inventions. The mariner's 
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compass and quadrant; the steam-engine, and the 
apparatus by means of which it opens and shuts its 
own valves ; printing in all its forms, and with all 
its improvements ; chronometers that keep correct 
time in spite of the changes of heat and of cold ; 
and, indeed, all the more wonderful and useful appli- 
cations^ that have been made of the properties of 
matter generally, or of the particular properties of 
particular Hinds or combinations of matter, have 
almost all been the result of what we, in common 
language, are in the habit of calling chance : that is, 
they have been made by those who, as we say in 
common language, were not *' the most likely per- 
sons to make them." But when we say that, we 
are wrong; and the discoveries are not owing to 
chance, any more than any thing else is so owing. 
They are the effects of causes, just as certainly as 
burning is the effect of throwing a lighted brand 
among dry straw or chips of wood, or as pain in 
the fingers is the consequence of taking hold of a 
live coal with them; and the persons who made 
those discoveries — every discovery that has been 
hitherto made, as well as all those who shall make 
future ones, have done so, not by any thing that can 
in any way be called chance, but simply because 
they were m the right road to the discovery — a road 
which all the rest of mankind had missed. No man 
can go a determinate way to the discovery of that 
which is not known, because, before he can go to 
it he must know both what and where it is ; but, 
where all is unknown, no man can tell what he may 
not discover, if he has but field enough. The field for 
all discovery is nature; and, therefore, he whose 
observation commands the most of that, is the man 
most in the way of useful disdovery, whatever that 
discovery may be. 

Now the man who has it in his power to make 
useful discoveries is placed in the very highest and 
happiest situation in which a man can be placed 

F2 
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The object of all our honourable exertions is, that 
we may stand higher than our fellows, not by 
thrusting them down, but by raising ourselves up ; 
and we nowhere get the vantage-ground so much 
or so certainly as when we are in a condition for 
making discoveries that may, and must, be useful to 
them. The making of the discovery, sa far from 
impoverishing us, puts us more in the way of 
making fresh discoveries; and when we communi- 
cate it to others, that takes nothing from us, while 
it gives us the highest of all pleasures, — ^that of 
being benefactors, and benefactors in a way and to 
an extent, to and in which the objects of it could 
not benefit themselves. Thus, the observation of 
nature is not only a never-failing resource to us 
amid all contingencies ahd-ills^f life, but it gives us 
means of- elevating ourselves, which we can obtain 
no other way. If we are rich and bountiful — ^and if 
we are the one, it is our duty and should be our 
pleasure to be the other — -we are restrained and 
limited within a certain measure in our benefactions ; 
and if we exceed that measure, we not only destroy 
our means of continuing ^o be bountiful, but directly 
and immediately bring upon ourselves those miseries 
from which we sought to relieve others. If we 
have gold, it can be weighed, whatever its amount 
may be ; if we have notes and bonds, they can be 
counted ; if we have acres or even provinces of 
land, they can be measured; ^nd, take but one 
grain from the gold, one farthing from the notes, or 
one inch from the acres or the provinces, and the 
remainder is less by the quantity so taken. But 
when we are rich in observation, and when, in con- 
sequence of that, the gift which we can give is use- 
ful practical knowledge (and it neyer is so unless 
the foundation of it is in the study of nature), wo 
really become richer by the very process of giving 
away. The exercise of our powers is not only the 
enjoyment of life, it is life itself— ^a real and grow- 
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ing treasure to us ; and, whatever may be the fate 
of external property, the change of persons or of 
thmgs about us, our true treasure — ^that which is life 
and life's gladness to us — is beyond the reach of 
accident, and proof against every contingency. 

But if we do not observe nature, we incur dis- 
grace as well as suffer loss, — we are ungrateful to 
our Maker, and we are unworthy of ourselves. 
Wherefore were the organs and faculties of observa- 
tion given us, if we do not use them I The senses, 
though, as we have them without cost or study, or 
effort on our part, and so are apt to undervalue them, 
are, in reality, choice gifts ; and the productions of 
nature are so admirably fitted for the gratification 
of those senses, that it is altogether impossible for 
us not to perceive that the one must have been made 
for the other. 

Wliy was every tint and tone of colour so mingled 
in the' light of day as that they all come out clear 
and perfect, and tell us, not merely of substance, but 
of space ! and wherefore, when the sky is clouded 
and the blackness of darkness shades the landscape, 
is the^ arch of Hope with its sevenfold glory set in 
the rain cloud, if it be not for us to look, and admire, 
and learn, and love ! Why does the rose give forth 
its odour, and the scent of the lavender and of the 
mignionette steal viewless upon the still air around 
us, and the blooming bean and the new-mown hay 
outscent all the preparations of the apothecary, if it 
be not to wile us unto the garden and the fieldj in 
order that we may breathe health, and at the same 
time cull pleasure and instruction there ? Wherefore 
sin^ the breeze in the forest, why whispers the 
ze|3iyr among the reeds, and how comes it that the 
caves and hollows of the barren mountains give out 
their tones, as if the earth were one musical instru- 
ment of innumerable strings, if it be not to tempt 
us forth in order to learn, how ever-fair, ever-new, 
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and ever-informing that great instructress is w>:^^ 
speaks to all the senses at one and the same instac^// 

And the pleasure goes deeper — strikes more hor^^ 
—cleaves more closely*— remains more permanenf/r 
— than can be supposed of the external organ of 
sense. So exquisite and at the same time so mys- 
terious an action is lifb, that it does^not appear that 
the same particle of matter can abide with it for 
two moments of time that can be separated, or con- 
sidered as a succession even in thought. It is prob- 
able that the same material eye never sees two 
successive objects ; that the same olfactory surface 
never conveys two successive ododrs ; tliat the same 
material ear never hears two successive sounds ; and 
that the same sentient palate never tastes, or thp 
same sentient finger touches, twice. It is probable 
that they perform their offices and are gone — dissi- 
pated into the thin air, or absorbed by those vessels 
which, ramified all over the body, collect the waste 
from every part ; and by one of the most beautiful 
processes in nature, constantly remove death out of 
the body, while the equally wonderful system of 
nutrition is at the same time everywhere furnishing 
the materials of life. 

But although those individual portions of matter 
are far too minute for the cognizance of any eye or 
of any miscroscope ; and though, as compasing our 
organs of observation, they are more fleeting than 
observation itself, yet they are faithfid to the mind, 
and their memory never perishes. 

This is an exceedingly curious a& well as an ex- 
ceedingly interesting {speculation ; and, even if we 
had no more, it alone would be sufficient to make us 
happy. The matter which thus passes from death 
to death through life, and is not a measurable mo^ 
ment on its passage, bears upon its invisible and 
rapid wings all the information that we receive, and 
all the happiness that we enjoy. It delights us with 
poftness in touching, with raciness in tasting, with 
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perfume in smelling, with music in hearing, and with 
all the world in seeing ; and what would we, what 
can we have more than that ? 

Thus, as the act of life is, as it were, not a matter 
measurable in duration, the quantity of happiness 
that we enjoy is not a sum of measurable durations ; 
and thus it has nothing to do with time, in the com- 
mon way of estimating it by the visible motion of 
visible matter. It is said or fabled of the ancient 
IScythians, that they slew the wise in order to in- 
herit their wisdom, and the strong in order to inherit 
their strength ; but if we would only use our senses 
— our powers of observation aright, we might in- 
herit the wisdom and the strength of all past ages, 
as well as those of the present, and even behold and 
grasp forward into futurity without ever injuring a 
hair of any living creature* In that way an observ- 
ant man may and does actually concentrate more 
enjoyment into one brief hour, nay, into one tra- 
measurable mom^it, than a duU and careless maa 
drawls out of his threescore and ten years. And it 
is in the observation of nature only that this un- 
bounded happiness, this happiness which time bannot 
measure or space bound, is to be found out. All that 
is of human making or human possession is mea* 
surable, and we speedily set to the end of its plea* 
sure ; but, even in this world, the pleasure of nature is 
absolutely to our fondest wish-^infinite and eternaL 
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SECTION III. 

Nature and Management of the Senses, 

Very little prepkration is necessary for observing 
nature, because we are all formed for that express 
purpose ; and, instead of it costing us any effort to 
observe, our powers of observation torture us with 
listlessness and ennui if we shut them up idly, and 
will not suffer them to instruct us. Still; all those 
powers are capable of improvement ; arid the beauty 
of the matter is, that the exercise and the improve- 
ment are exactly the same. No sense of the body 
is in a state fit for accurate observation unless the 
Dody generally be in a state of health ; an excess 
of any kind renders the hand tremulous, the eye 
dim, the ear either dull or painfully sensitive, and 
nothing is fragrant to the smell or pleasant to the 
taste. .Those who commit excesses get their pun- 
ishment in this way; and a severe punishment it 
is. We are accustomed to say of those who are in 
such a state that they are "half-dead;" and the 
expression is very correct ; for eacli sense may be 
diminished to a half, or even, to a smaller fraction 
of its healthful quantity ; and thus the person who 
is in that unfortunate condition is literally dead to 
the full measure of the deficiency. No matter what 
the excess consists in ; for though various kinds of 
excess have different effects, and the effects of some 
are more permanently mischievous than those of 
others, yet every kind of ( excess is a mischief; and 
we cannot gratify any one sense— or even insensi- 
bility itself, to a state of intoxication, without pay- 
ing for it in our general happiness. Excess of food 
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leads directly to stupefaction; excess of stimulating 
drink ends in stupefaction still more complete, but 
it arrives at that conclusion through a delirium of 
very strong, and, up to a certain point, of very de- 
lightful excitement— just in the same manner that 
the excitement of eating wholesome food in mode- 
rate quantity when we are hungry is very delightful. 
The sottisbness af the continuaUy intoxicated, with 
whom drunkenness has become so much a habit 
that they absolutely cannot get drunk (for that, and 
indeed any excess, may be carried so far as to de- 
stroy its own effect, by deadening. that part of the 
system on "which it acts), is next thing to an abso- 
lute extinction of the observation of nature; and 
when the powers are, absolutely gone in that way, 
they are in most instances irrecoverably gone. 
Occasional intoxication is also an occasional de- 
struction, by means of which time is lost, and from 
which the powers seldom recover with all their 
former tone and activity. But still there is a point 
even in the progress of that, up to which all is 
wholesome and profitable ; and as every nation 
under the sun which has discovered any thing at all 
has discovered some drink or substance of a stimu- 
lating nature, the temperate use of such stimulants 
must not only be not improper, it must be natural 
and necessary. Thus, in order to enjoy nature fully, 
and crowd into the years of our time the greatest 
amount of life, or, in other words, the greatest en- 
joyment, we must not have a prejudice against any 
thing, any more than a predilection for it beyond its 
proper measure. There is some pleasure to be got 
out of every thing, be it what it may ; and thus, 
though the place and the circumstance of our lives 
limif us to only a few, we should be ready both in 
knowledge ana in aptness to enjoy any new one 
that comes in our way. Still, the tastes and the 
other sensations connected with eating and drink- 
ing are the most merely animal parts of our whole 
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system ; and as the animal works by instinct, whicb 
is an innate property, like the common properties 
of matter, and mind works by experience, that is, 
by successive portions of knowledge received from 
without, through the medium of the powers of ob- 
servation, it follows that those tastes and sensations 
are less susceptible of being educated or improved 
than any of our other powers ; and as we say of a 
dull fellow, who comes (as is sometimes the case) 
idealess from school, '* a college education is thrown 
awav upon them." 

The sense of smeiling, though some of the plea- 
sures that it gives us are very delightful, and some 
of its warnings are most wholesome and necessary, 
has its immediate eatcitement so much out of the 
way of the other senses, that the eye, the ear, the 
hand, and even the palate cannot cross-question it ; 
80 that we do not fully understand its testimony, 
and therefore cannot do very much towards im- 
proving it. Yet it does admit of some more im- 
provement than the sense of tasting ; and it is pos- 
sible, nay likely, that our perception of odours is a 
different matter altogether from that of mere ani- 
mals. The vulture and the raven scent carrion, and 
the bloodhound foSows on the slot, in cases where 
the human nose gives not a jot of information ; but 
the vtdture would instantly quit a bed of roses for a 
rotten carcass, and the bloodhound woidd forsake 
all the perfumes of Arabia in order to gnaw a bone, 
although he had to scrape that bone out of the dirtiest 
comer of the court-yard. No doubt the sense of 
smell in man goes so far hand in hand with the 
merely animal process of getting nourishment ; for,. 
as the proverb says, "a hungry man smells meat 
far;" and everybody must have felt how grateful 
the smell of the kitchen is before dinner, and how 
intolerable just after. But still the sense of smel^ 
ing is not, as is probably the case with that of tast- 
ing, wholly subservient to> the animsQ process of 
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Miaig f(6d. There is a suiplus pwt of it Hiet 
which distinguishes Tiolets, and roses, and orange 
flowers, and clo^ pinks, and all the blooming per* 
fhmes of the gay globe rises above the mere get2 
ting of nourishment ; and therefore it is a mental 
surplus given to us for the joint purposes of know- 
ledge and enjoyment. It must, werefore, admit of , 
being improyed by education; but the means of 
improving it necessarily partake of the niceness and 
obscurity of itself, and all that we can say 'positively 
about it is, that ''the longer we are among the 
sweets, they smell the more sweetly.*' 

There is no such educatability in jnete tasting* 
There is^ inSfoct, rather the reverse ; and when the 
epicurean ransacks the three kingdoms of nature 
in all their provinces, and even presses in putrefac^ 
tion itseify to give a favour po his mess, he ha» 
actually less anUnal pleasure in that mess than ih0 
rustic has in a crust of wholesome brown bread, or 
a potato nicely roasted In' the turf ashes. His 
sensation may be different, but it is not better; and 
iet-aman be but hungry enough, and give him some* 
thing to appease that hunger, and all the cooks that 
" the devil ever sent" to mar Heaven's bounty can 

eve no more ^ijoyment. So also in drinks — ^wines 
ive iheir gusto, and other potations their elhilanu 
Hon; but '*Adara-s wine," as it wells living from 
the rock, free from foreigli .substances, and showing 
every gem of the casket in ^each drop, is, in truths 
and will remain ** the liquor of life." The weary, 
the fainting, and the-djrii^ call not for burg^midy, or 
ehampaiffn, or tokay;'the longing of their heart, 
the hope of their recovery, or the aQeviation of ^ 
Aieir angaiish is *' water," — ^water clear from the 
tMintain; or fresh from the cietenu Thus we see 
hat, even in those cases, in which art and luxury 
ave done the ndost, human nature, when it comes 
I the hour of tribidation-^o the moment of peril 
4o the article of-slrife with BotUngtaess-^lings 





74 THE STE, TBB BAR, AND THE BAND 

to the fr^slmeM and silnplicity of nature. And it ia 
even so in avery thing. When cold sweat bedew* 
the temples of the monarch«*-when artery and veift 
have forsaken each other^ and the Curdling fluid is 
breeding corruption in the little capillary tubes be- 
tween — ^when thedieart's feeble pulse is flung back 
upon it by the dying vessels, 9nd it is about to be 
broken by its very strength — ^when the lungs will 
no longer remove the charcoal, but make, as it were, 
the Are of life to smoulder in its own ashes — ^when 
the currentless throat begins to be choked up by its 
own refuse— when the angei of death stand? ready 
to loosen the " silver cord," and break the " wheel 
at the cistern, and the pitcher at the fountain,"-^ 
what then xecks the monarch for his state and his 
diadems! Cast aside that sceptre, it is a bawble; 
doiffthat crown, it is tiothing; rehd away the velvet 
and the tinsel, they are trash; remove thatcoverlet 
of satin, it is a burden: give him the fi^sh air of 
heaven^— the first draught of Aatiire that ne drew— 
so that the, king may die easily and in peace ; free 
the monarch of all th'e trappings of his grandeur— 
80 that the spirit of the man may mount in triumph 
to its God. "^ '- 

Our other organs of observation, the eye, the e^, 
and the hand,-^though in tke last case we make the 
hand a tyrant, by appropriating in langiifage to^ it a 
faculty which really bcilongs to the whole fibrous or 
muscular p^rt of our frame, — ^admit of more iixiprove- 
ment by cultivation ; and their improvement by cul- 
tivation vs like that of aU other natural things — ^plant 
j;hem in the hght soil, and keep them ^rom weedis, 
and they wiU grow of themselves. We cannot ana- 
lyze the process of tasting so as to. find any thing 
intermediate between the sapi^ food and the sapent 
palate ; and though we know that scent is wafted to 
a distance jthrough the air, while taste is not, we can 
discover no medium between the delighting flower 
and the delighted organ. In the one of those cases. 
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^erefore, there is probably nothing that we eon dis* 
coyer so as to improve it, and in the other there is 
nothing which We do discover. All that we. know 
of these two senses is, that their acuteness of per* 
ception is always in proportion to the wholesome- 
ness' of the state of the body ; and therefore, study 
them as we will, we can denve from them only one 
lesson, and that, too, merely a surface lesson — a les- 
son as palpable to the man who knows not a letter 
as to him who is most deeply read in all th^ sciences. 
Yet that surface lesson is one of great importance 
and value. We should be regular, and preserve our 
health, because thatis the only way in which we.can 
make sure that naiture will smell sweetly and taste 
delieiousiy ; and even that is a secret worth knpvong. 
' Of ail the human powers, the hand is perhaps that 
which admits of the most education, because its 
education is twofold — ^it ma}^ be educated in 
knowing,, and it may be educated in doing. The 
education of the hand in doing i$ a^ matter of ob- 
servation, and any one hand can improve either upon 
other hahds-or upon itself; but still that improve- 
ment in performance 'is grounded upon improvement 
of the hand' in- knowledge ;> and > of its process in 
knowing we know about Us little as we do of that of 
the palate in tasting, w of the nose in smelling. It 
consists but of one process-r-the contaet of one sub- 
stance with another ; and the mdst.acute observation 
cannot divide that into parts so as to obtain a more 
intimate acq[uaintance with it ; and whenever we can 
no further divide or analyse, weicdme to the ultimate 
fact, and oan know no ihore than simply-Hthat it is j: 
And yet the education of the ha4d in knowing, and 
the state to which it may be brought b^ circumr 
stances, are very wonderful, and in some instances 
would appear almost incredible. The hand of the 
blacksmith is so educated as to handle iron that would 
bum, and the hand of the sailor is so educated that 
it can glide safely almig a rope which would put any 
other person to the bones. 
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The hand of the Greenlander reposes comfertablf 
on the ice, and that of the Bedouin jnst as comfort* 
ably on the barning sand. The hand of the porter 
is hardly sensible to an ounce, but tt can move him* 
dredweights; and while the hand of the delicate 
workman would trei)ible Or give way under these^ it 
(idels to the minuteness of a grain. Allusion has 
often been made to bliiid Dr. Moyes, who could feel 
colours and shades of colour. And the blind en- 
pneer of the midland-counties felt the level of very 
irregular surfaces with his feet, as accurately as any 
engineer having e;^es, with all his telescopes, and 
levels, and. scales fpir determining, the variations. It^ 
is impossible^ indeed, to set a limit either to the 
weight or to the measure which the human hand pan 
determine; and not the ha^d only, but the foot or 
any part of th|B body, so^ that there are muscles in 
it. Lines can* be ruled much more finely by mere 
touch in the dark, than they can be by the eye witb 
^e aid of ^rits microscopes; and the^numberof 
curves that a healthy and well-educated hand can 
delineate is perfectly endless, and it can delineate 
them as well in absolute darkness as in broad day. 

How varied are the tones produced by the touch 
of the pianoforte, by pinching the holes of a flute, 
or by fingering and bowfng the strings of a Violin, 
These are all exquisite ; and the flute with Nicholson, 
and the violin with Paganini, are almost superhu* 
man, and give us a taste of what we would ca)l ce^ 
lestial ; and yet, they arise ,ih>m positively the sim*' 
plest of all imaiginary causes-^he fine niensuraticHi 
M distance and spacerr-the pressing a little inpre or 
* a little less with the finger i and any man who can 
simply lay his palm on a loaf of bread, and feel tluM 
be is so laying it, might educate himself up to those 
exquisite touches, and have the dehcious pleasure 
of enjoying their eflects whenever he chose. Wo 
often neglect it, but we absolutely have a mine of 
ivealth in thos^ ten Qngersy which the loi^s^t ani 
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nature, and the other to learn from onr fefiow-men^ 
and yet the two work beautifully together for our in* 
atruction, and, as one may say, take counsel and strivo 
together to make us wise and happy. These are our 
flight and our hearing, and so, admirably are they 
formed that they are not only more easily, and may 
be more extensively educated than any of our other 
senses, but we can heighten their powers by artificial 
means. 

' The speaking-trumpet augments the sound of him 
who speaks, and the hearing-trumpet concentrates 
aoid strengtiiens the sound to him who hears ; and 
tiiose who are acquainted with the observed laws of 
aoundxan so manage matters as that a whisper caa 

gass silently over a crowd, and be heard distinctly 
y a more distant person by whom it i» intended to 
be heard. Sound also maybe doubled and redoubled 
by reflection from surfaces ; and it is very i>os8ibls 
to hear one of those reflected sounds wlien the on* 
ffinal sound is not heard. There is a very familiar 
Slustration of that. If you are in a house with 
equal windows, equally open on all si(jles of it, and 
if it thunders, or if ordnance fire, or the bell tolls, or 
any other loud sound is produced, you are utterly 
unable to tell on which side of the house the sounding 
body is situated. If ther^ are windows jonly on on« 
Bide of the apartment, yon get a nbtioh of the di* 
rection of the sound; but it i$ prdbable that notion 
is a wrong one, because the room has four sides ; and 
unless you have something else to guide your coi^ 
elusion, you invariably suppose that the sound is upcm 
tiie side where the open windows ^re. 

The ear is a beautiful instrument, and the degree 
of nicety to which it, can be educated is quite aston* 
jshing; rat still we are unable so to understand the 
instruments or analyze the process of h^sLrinff an 
to be able to say in what it consists ; and, as a dnred 
means of observing nature, pleasure rather than in« 
fomation is what it brings us; We know that Bonod 
is pioduced by some sort of motion in the sounding 
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IsMfy and that it is propagatedthrough the air, ao that 
what we immediately n^ar is really the air, and not 
ti^e body the motion of which first originates the 
flound. It also goes in the direction opposite to that 
of the motion by which it is originally produced ; and 
against the motion of the air which is the medium 
of it, though that mption both retards its progress 
and diminishes its loudness, yet not to the same ex- 
tent as the motion of the air. , The wind renders 
sound less audible; but the audibility is diminished 
in the direction of the wind as well as in the opposite 
direction, though not quite to the. same extent. 
When a coach is on the road, and not in sight, we 
can hardly tell whether it is before us or behind ; JuaA 
if there be any thing near us that wiU echo the sound, 
the sounding body may appear to be sometimes on 
one side of us, and sometimes on another. The 
aweUing and sinking of the sound are the only means 
that we have of ascertainiiig whether it is coming 
nearei^ to us or going farther away ; and there are 
many circumstances by which we may be deceived 
«ven then. A clump of trees, or any other object 
that can deaden the sound, will make us think that 
which is actually aj^roaching us is retin4g ; and the 
clearing of sueh an .^obstacle will make ^at which 
in reality is approaclung,^ heard, as if it were going 
away. Thus the ear has, in itself, no more power 
of enabling us to discover that the voice which we 
hear in nature is the true voice, than it has of letting 
OS know that what our fellow-mien tell Us is the truth. 
It is principally on account of this want of con* 
nexion between the h^uing of sounds, and know* 
ledge of the nature, oi^ even the existence of the 
sounding body, that we' are more startled by sudden, 
loud, and unusual sounds than by any other sudden 
and strong affection of the sensed.' In the discharging^ 
of firearms, it is the report which fjnghtens both men 
and animals, and not the bullet, though the report is 
^wfecHy iiinoosnt» and the bullet camesfwouiias and 



death on its wings. Lightning, too, is not only mueh 
more sublime than thunder, but its power is, in some 
instances, tremendous ; so that we cannot set bounds 
to its effects ; and yet it is the harmless din of the 
thunder which terrifies. The motion of the air 
which produces sound seems to be quite different i^ 
kind from that which overcomes resistance, and 
affects the sl^ and the muscles. The 6ar will catch 
the tones of a bell at the distance of ei^ht or ten 
miles on a still evening, though the vibration of the 
beU does not at that distance produoe a motion of 
the air that will bend the spider's most slender 
thread; and yet the same. ear gives no notice of the 
approach of a bullet, by which it may be the next 
instant dashed to pieces ; and the first notice given, 
whether the bullet strikes, or paisses near, is a mus- 
cular impression, and "the wind of' a bullet" is a 
wind that blows, not a wind that sings. It is much 
the same with noisy 'thingis as with nOisy people: 
they are always 'less effective in proportion as the 
noise is louder. A deeply honey-combed ball, which 
whistles as it flies) goes less fleetly and directly to its 
mark, and does less execution, than one which speeds 
on in silence*: and, in blasting rocks with ^mpowder, 
it is the stifled smouldering shots that do the execu- 
tion. Thus it would seem, even in inanimate things, 
that sound is the wail of weakness,^— -the crying, the 
GUlldishness of the Creation, as it were. 

And it is worthy of remark, that our hearing par- 
takes more of the nature of a child, and must be 
schooled more nearly like a child, than any of our 
other faculties. In itself, it is indeed a child ; an in- 
fant at the very commencement of life : it has sen- 
sation, but It has neither knowledge nor the means 
of getting any; and unless it is first taught out of 
the mouths of others, or schooled by the co-operation 
of the other senses, it never can reveal to us the sim- 
plest fact. . 

When, howeven it is once .educated, it can tske 
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tiie lead of all the senses, and be foremost in ^e ea^ 
veer of knowledge. That is a very beautiful con- 
finnation of the superiority of man to the othw ani- 
mals, and of his reason, which is nothing without 
education, to their instincts, which require none. 
The young partridge of an hour is firm and fleet on 
its legs ; some species of ^aphides are matmed even 
in a shorter penod; while Newton or Watt, tf left 
to themselves at the first, would have soon perished ; 
yet Newton gauged the universe, and divided the 
beam of the sun into all its radiant colours. He did 
not, indeed) give godhead to man, for ma|i is man still ; 
but he opened up a passage whereby those who pro- 
ceed aright may approach near the footstool of the 
throne, and admixe, and worship, and learn stiU 
higher knowledge, and taste still moreunmingled hap- 

giness. Thus, although the ear brings us qo direct 
nowledge of external things until it has been in- 
structed,, we must not slight it, or deem it at all im- 
perfect on that account ; for. in proportion as it is 
educated, it, becomes the gate of wisdom.; and it is 
rich in pleasure^ and the pleasure which it brings 
never fatigues and never cloys. . Nor must we forge^ 
Ihat the ear is the instructer of the hand in those 
immeasurably small differences of motion in the 
tpuch, by means of which skilful musicians repay the 
ear for its labour- in tones so sweet, and cadences so 
soft and fine, that the sound feels drawn out to the 
▼ery verge of matter, and ear and instrument are lost 
notice of, and naught remains but the delighting mu- 
mc and the delighting mind. There is probably not 
one feeling of our nature— certainly there is not one 
imisal feeling— where we can* so completely put^oiT 
the animal, and bring the mind unclogged to its enjoy- 
Bient, as in the hearing of sweet sounds. And that 
is the reason why the pleasure which those sounds 
produce is so exquisite, so ready, and so constaidly 
OH the increase. No doubt, if we ure to have tlAt 
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pleasure, we must cultivate the ear^ that is, we 
must exercise it among pleasant sounds ; and where 
can we do that so weU as among the voices of na* 
ture, which are all musical, ail true, and have no cor- 
rupting associations blended with them. The ear is 
thus well worth the cultivating to as great an extent 
as possible ; and where that is vigoroui^y and sue- 
cessfully done, it will accomplish many things. It 
cannot, indeed,' give eyes to the blind, or feet to the 
lame, but it. makes a substitute ;. -and' if we may 
judge by the light hearts and gleesome dispositions 
of blind pedple, as contrasted with the gloom and 
even moroseness of the deaf, it is probable that a 
soundless world would be more desolate than a sua- 
iess one. 

It is quite impossible to say what may be the 
particular state or action of the air in the curious 
tubes and labyrinths which make up the beautiful 
internal cavity of the ear } but it is certain, that the 
fine membrane called the t3rmpanum is not the 
organ of hearing; because there have been frequent 
cases in which deafness has been cured by the de- 
struction of that membrane. The sense which it 
most nearly resembles is that which is called touch, 
though noi that branch of the very complex sense 
of touch which is made up of a succession of feel- 
ings and leads to knowledge, but immediate and in- 
stantaneous' touch. *rhe one of these gives us no 
more information about the object pro^dcing it than 
the other. If a person is sitting, musing in a dreamy 
revery, with his ^ens6s idle about him, and yon 
steal behind him unobserved, and slap your haiids 
smartly together, it will take him some time to find 
out whether you slapped him or not Then, as to 
the knowledge which is obtained of the object of 
immediate (even pretty smart) touching, the ab- 
surdity of it is well exix>sed by Butler in these' 
lines:— 
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** Some Ytvn been betten till tlwy know 
What wood the cudgel's of, by the blow : 
Cta" kiokM until they can tell whether 
A shoe be Spanish or neat leather.** 

There are many proofs of a very close resemblance 
between hearing and instantaneous touching. A 
sound which grates on the ear produces a tremulous 
motion in the whole body, and the instances of 
>* setting the teeth' on edge," that is, irritating the 
sensitive substance which lines their sockets, by 
whetting scythes and sharpening, saws, or crushing 
cinders under the foot, are quite familiar. Hogarth, 
whose philosophy was as true ta nature as his paint- 
ing, never was more happy than in the discord of 
*' villanous noises," by which the " Enraged Musi- 
cian" is tortured to his very finger-ends, and would 
have appeared so down to the toes, too, if it hsid 
suited the painter to bring them into view. 

This coincidence of sound and touch is worth 
Jctaowing and attending to; not only that we may 
observe nature readily and pleasantly, but that we 
may, in some instances, do it safely.. If a timid 
man stands high upon an insecure footing, the kindly 
admonition to " hold on," if given too hastily or too 
loudly, is the most likely means of tumbling him down ; 
and on that principle, they who have not familiarized 
themselves to sudden sounds, so asi to distinguish the 
impression on the ear from an impression on any 
other part of the body, cannot gp safely to those 
places where nature is seen to the best advantage. 
He who starts at tlie crash of a falling stone-cannot 
stsmd safely on cliffs ; and he who shudders when a 
sea breaks oyer the bows, dar^ not rock on a mast- 
head in a gale ; and yet he who has so schooled his 
senses <as to i)e able to keep them ready, .and his 
mind calm, in those situations^ sees views and en- 
joys [Measure of which the careless alid the tijnid 
can have no conception. Collins knew that weU, 
and expressed it beautifully : — 
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« Pint flMr, Us bud, It* tkUt to liti 
Andd the chords bewildeiM Isi^ ; 
Then back recoil'd, he knew noc Why, 
E'en St (he souiU hinsdf had niids.* 

The same principle carries us a great deal fvaihef ; 
and it is worth following for at least part of the 
way, because, being always collected and ready, is 
the very' soul of observation. Now just as we are 
never in the least surprised at our own thonghtSf 
however extraordinary diey might appear if they were 
told to others, and never have the leas^ dbubt of the 
truth of even the ihost absurd and practically inipp4i«. 
sible of them ; and not only so, but we stand up 
manfully for them, and resist with all our might waA 
as long as ever we can the external evidence which, 
in the end, convinces us ,th'at we' are wrong; so^ 
also, we are never frightened or alarmed at anyone 
of our single sensations, be its subject or its OQinsa^ 
quences what they may. The soldier who, in ad- 
vancing to the charge, receives his death wound, 
continues to rush on a few stepfs, and falls painless 
and dead ; and if that extreme case can be met with-^ 
out any thing that causes unhs^piness, surely all tiie 
inferior cases may. 

Everybody must have felt the truth of the mind's 
satisfaction aoid confidence in its own tfaoughtsy from 
what occurs in dreams. A man who dreams thi^ 
he is fi5ring, or standing on the cross of St. Paul's, 
or walking on the bottom of the sea, never has «t 
the time any more doubt of the fact than he has of 
the fact of being himself. That is the mind actiltf 
with little more co-operation of the senses than sinV 
fices to bring the dream back in waking suggestion; 
but still the' dream' is mentally possible, and certain 
truth, up to the moment when he awakens, and finds, 
by actual observation, that he is snugly in his bed* 
liie bodv takes part in matters at that staffe, and thus 
tiie mind loses its wings, and is clogged so that it 
cannot soar. But we are startled at the tlioiqrhta 
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of other people, because they are communicated to 
us in the very same war as we get all our experi- 
ence, — ^that ra, all bur knowledge ; and so, if the 
thought which is communicated to tis is in accord- 
ance with that knowledge, we cannot help beliey- 
iiig that it is just send true ; but if it is not in accord- 
ance with that knowledge', we cah as little help 
believing that it is absurd or false. It is altogether 
impossible for us to judge of that which we learn 
from without, by any other standard than that which 
we have ; and as nghtness and readiness in those 
judgme^nts are that whiph gives perfection to our 
character, we cannot be too constant or too careM 
in our observation. 

But every sensation, however fleeting it may be, 
and throuj^h whatever material organs it may appear 
to come, is really an act of the mind, and an act of 
the whole mind; because the mind is one, and it is 
utterly impossible that one C3n-be in two ststtes at 
the same tnoment, how short soever that moment 
may be. "H^nce it follows, that if we are to apply 
our minds to observation by means of any sen^e, the 
other sehs^s mu$t be kept still, so as to leave that 
one to woik to the utmost bent of its power ; for if 
that is not the case, as they all- have a resemblance 
to each other, and perhaps are all only the general 
muscular sense of resistance modified by organisa- 
tions, OQe will be constantl]^ breaking in upon another, 
and we ^all start from sight to hearing, and from 
hearing to touch, until we become penectly inca- 
plible of knowing what sense is afTeqted, or indeed 
whether the sense is affected at all. That is the 
statue of momentary or periodical non-existence, with 
, which the lives of the, needless are so much spotted, 
and by which even the most careful of us sometimes 
waste our time and mar our, plans. It is what Milton 
calls tbe ** brute unconscious gaze^^* ^dthe Scottish 
peasantry ver^ appropriately call '* looking from 
them i^ and it is literally /rom us in these cases, for 
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the Benses are flood-gates, in which there are aiwzyB 
currents when they are open, and if new knowledge 
does not flow in, time will flow out, and bear off our 
old knowledge on its tide. There is no means of 
avoiding'the last of these but by pvu"suing the first ; 
and thus observation is really our guardian, as weH 
as our guide. In our business or profession, how 
much soever we are occupied with it, it is impossible 
to get as m]uch observation as will keep all the 
senses up . to. their proper tone ; and therefore the 
observation of natu're comes in, not to dtaw us away 
from our callings, but really to work along with us 
and encourage us, as a most ready-handed and gay- 
hearted auxiliary. 

There remains only, one sense to be noticed, 
and that is the sense of -sight — a^ense, the organs 
of which in their . structure more resemble con- 
trivances that we can make than tbose of any of 
the other senses, Qh that account we^ can assist 
and improve our eyes more by ^ificial helps than 
we can any of our other sensal org^^ns. If the sight 
is too short, we can lengthen it by spectacles hollow 
in the middle ;. and if it be too long, we can shorten 
it byspectaples of the opposite form ; so also we 
can make distant objects appear near with the tele- 
scope, slnd smaU ones appear largp with the micro- 
scope. These are veiy useful contrivances ; but- 
the use of them is limited to a small number of people, 
and not a great number of occasions. When we go 
out to recruit ourselves by the popular observation 
of nature, we are not to carry spectacles, telescope^, 
and microscopes with us, but to use our own eyes ; 
and to nine hundred and ninety-nine -in every thou- 
sand of lis, well-educated eyes, used .to good pur- 
pose, are superior to all the philosophical instru- * 
ments in the world. Tho^e instruments are valuable 
to such as require them, just as the tools of every 
trade are useful to those who follow that trade; and 
improving the tool is the best and mo^ certain way 
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of improving the trade itself; but the eye is a tool 
in every trade, a universal tool ? and therefore every- 
body snould be diligent in its improvement. 

The eye can work to a greater distance than any 
other organ, and it works much faster. When you 
come over the last height, and look down upon a 
fine city^ with its domes, and spires, and pinnacles, 
mid surrounding villas, and gardens, and groves, and 
rich fields, if your eye has been duly exercised, the 
city is taken and. yoiir own at p, glance ; and we 
very frequently fina that a keen-eyed visitant, who 
remains but for an hour, will discover in a place 
many beauties, that were unknown to the whole of its 
inhabitants, but which shave been afterwarct found 
worthy of admiration, and admired by them, and 
have been visited and admired by others, and the 
place has thriven and grown from a small village to 
a goodly town, simply because one man, who had 
eyes in his head , and could use them^ happened to 
look at it, possibly without any intention but that 
of feasting his hungry eyes at the moment. 

A disquisition pn the anatomical structure of the 
eye forms no^ part of the eye's education ; because 
it is not the matter of the eye that wants to be 
taught, it is the mode of* its action ; and all that can be 
said is, give it plenty of exercise ; keep it always 
hungry forknowledge of whatever can come before 
it, and do not fatigue it either by excess or monotony. 
The invitation' of sill hati|re to the eye is, " Come 
and see," 
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SECTION IV. 

Precautions tn observing Nature. 

The precautions necessary to be otMsenred in 
contem^ating the works of aature are very few. 
It is not necessary to allude to personal safety ; be* 
cause it may be presumed that everybody can at* 
tend to that, by keeping out of d^gerous situations, 
and frpm eating unknown vegetables. But still, 
there are some prejudices to be avoided, as weU as 
some general lawa which must pot be violated, els^ 
in either case the result of pur observation wiH be 
error, and not knowledge. 

However tastes may difTer, — and tastes, wbic^ 
are habits formed by the thoughts tunning more ia 
one directioix than m others, are perhaps as often 
founded in error a6 in truth, — there is res^y no 
ugliness in nature unless it is actually made by ^ 
observers tliems'elves. The exercise of the vsenses^ 
and especially that of the sense of sight, is always 

g leasing— *a gratification, and the only w^X '^ ^^^^ 
oth mind and body can be gratified. It is gratify- 
ing, because the probability is, that sensation is in 
itself a direct renewal of the organ of sense. It is 
probable that the exceedingly small and delicate 
texture in .the eye feeds upon and drinks up the 
oolQurs of the landscape, or whatever else it sees, 
in th^ same manner that the mouth receives food 
and drink for repairing the general waste of more 
rude and comlnon parts of the body ; and it is 
equally probable that the immediate organs of Mil 
the otner senses receive the same renewd froi|i ex- 
ercise ; and that, as the eye gets healthy, snd fot, ibid 
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ti^rous, by beautiful views, just so does the ear- 
fatten upon sweet sounds, and the nose upon grate- 
ful perfumes. We must not be startled at the im- 
measurably small quantity which is added, or passes 
from object to organ in these cases, because sup- 
posing that size and weight are necessary iFbr the 
accomplishment of nature's purposes, and that the 
purpose effectedis in proportion to either of these, are 
among the prejudices against which we must* espe- 
cially guard. In common materials, size and weight 
are so far the measures of* strength, but beyond a 
certain extent they become weaknesses ; and there is 
an elevation, and not a very high one, to which, if 
reared, a tower would crush its foundations, though 
of adamant, or a mountain reduceJts granite to dust. 
But, in all cases where there is natural action, we 
must bear in mind that size and -Weight, instead of 
being elements of that action; or assistants to it, are 
clogs and hinderances, and probably the only clogs 
and hinderances by which it is restrained and m- 
minished. It is, indeed, the same in all action, 
whether "natural or artificial. Action is exactly the 
same thii^^ with motion ; and in all cases of change 
of matter, which is the only evidence we can havd 
of action, there is change of place, though in many 
instances that change is so small that we are unable 
to perceive it. When brine, that is, water holding 
common salt dissolved or in a liouid state, is boile^ 
and allowed to evaporate until the salt crystallizes 
or forms into little solid lumps, there is motion in 
the case ; and we caii trace the process backward 
till We find motion, and motion alone, for which we 
cannot account. The invisible atoms of salt which 
were scattered through the clear brine must move 
towards each other in order to for^n the little crys- 
tsAs ; and the law which regulates their invisible ' 
march is ad perfect and as uniform as that which 
regulates tlie motion of the earth upon its axis or 
round the sun ; for, unless in cases Where ^e can 
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find a cause preventing them, those crystals ahra}Pi|t 
assume iM same form. The formation of the crys** 
tab is one motion, and it is a veiy important one ; 
because as there is no other substance wnich crystal* 
lizes under exactly the same circumstances as com-^ 
mon salt, it is bv knowing and bringii^ about ^at 
small and invisible motion that we^ are enabled tq 
give a pure and wholesome relish to our food; for 
even common salt, as it exists in nature, is mixed 
with magnesia and sulphur, aAd other ingredients 
which render it UnpalataUe and unwholesome. 

The previous state of the process is also motion* 
A certain quantify of water, having a certain degree 
of heat, is,' necessary for separating the natural salt 
into particles so small as to be invisible ; and the 

StuanUty that can -fie dissolved in boiling water isi 
ar greater than that which can be dissolved in cold 
water. Now it is the property of water thai i^ 
begins to boil at two liundred degrees of the colnmon 
thermometer, or a little less or more according to 
the state of the atmosphere. When that is light, 
boiling water is a little cooler ; and nirhen heavy, it 
is a little watrmer: but the variations are trimng, 
imd not necessary to be taken i^to account in com- 
mon Observation, though we cannot observe even 
ti^e operations of nature to proper advantage with* 
out knowing something of their causes. 

When the water comes to the boiling point^if the 
surface of it is freely exposed to the aur, it aeyer 
becomes any hotter ; and after it < fairly boils« one 
could not. warm it one jot, except it were in a ciofiied 
vessel) even though it were exposed to a fire of the. 
greatest strength lor twelve monthis. Ai^l the water 
contends for tips law of its being, even when it it 
in small quantity, with strength far exceeding the 
^strength of armies. It is the resistance of water to 
being heated above the boiling point whith has ei^ 
abled England to add the stea^engine to 4^e ii«i- 
pkoneuts of her labour; and thus leave the bnrsea 



4|PU0AtlDN Of 48T1AX. .91 

to the idolise and the team, and man to anpetintend 
and to o^eroe, and thence to learn and to do, more 
and more for hi»own enjoyment, and the improve- 
ment of his coontiy and his kind. The people who 

^ liv0d two centuries ago, and who were as Vise and 
ohdenrant in their generation as we are, would have 
thought the teller mad if they had heen told, that in- 
depeodently of their downward motion to the sea, 
which turns the mill and carries the barge as they 
glide, there slumbers in the streams an active power 

' —a source of motioit, not only greater than that of 
all the men and idi the horses wd other animals in 
England, but greater than the expertest penman in 
th^ world could set down by arithmetical contri- 
Tance, though he sat ciphering his whole life. And 
the beauty of the miatter is, that this mighty power, 
which is m the posseissioh of everybody that has a 
pitcher of waterj'is, with proper machinery and 
•kilful management, not only more governable than 
the highest bred horse, but; more gentle than any 
lamb that ever sported in the meadow. At the same 
time, it could, if need were, bring the power of ten 
millions of horses to bear on a single pomt ; and were 
it to answer any purpose, if man could find the ma- 
chinery; this simple property of water woulf give 
the power of cleaving the earth in twain. But, not- 
withstanding it can spin a thread finer than ^ssa- 
mer. and weave it into ^uze which will float in the 
air like a vapiour ; it will grind at the mill, toil in 
the manufactory, and it will print a book ; and the 
people of England etgoy nbw ten times the com- 
forts enjoyed by their fathers, and diverse a portion 
of those comforts to all the nations of the^ world, 
Imd receive the produce pf all climates in return, 
just'because a skilful observer of nature discovered 
that water resists being heated above two hundred imi 
twelve degrees. One would thiiik that only a trifling 
discovery ; and if the little fact were told without 
any of too oonsequanoes, nobody woidd give a far* 
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thin^ for the information. Bat great trees ^mw 
from little aeedB. The Thames, notwithstanding the 
lei^th of its course and the beaaty and uaefu£ieM ' 
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of fta tide, steals back again from the sea in vapour ; 
and it is tempered with so many deliehtftil sensibilU 
ties, that it waters the fields^ and refreshes the anif- 
mals, even when on its aerial flight to those monn- 
tains which coUect and give forth the fountain- 
BprfUffs. The beginnings of all things are small ; 
and if we ts^e weight and measure as our proofs of 
existence, the origm of every thin^ is in nothing. 
Of what magnitude and of what weight is the acorn 
of even next year in that little bud at the tip of the 
eaktwiff! 

Of what si!Ee mud weight are the aeoms that are 
to be produced a hundred years hende in that little 
oak which is not yet a finger's length, and wears 
the &8t leaves of its childhood ! 




H • ACORSa AND OAXS. 

A. Acora germinating. Tbe ahell ruptured attte 
top ; an umbilical veseel from each lobe of the nut; 
the germ at their union, but tiardly vieiHe, 

B. The young plant. The root extended ; the 
plnmule, or future stem, barely developed. — Durable 
trees make roots Urat, 

What Wide so Ihie as to measure, or what lial- 



ance so delicate as to wei|^, the present germea of 
the thousands of giant oaks which are all to be pro- 
duced by that litSe thing -in its infant dress, and 



which are to form those futuire navies by which the 
■ea is made to rule aa well as enoampaas the land ! 
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That and other of the great oaks which hare justly 
ac<iuired celebrity in various parts of England, aa 
being both, ornaments and historical reconls, pro- 
duce enough of acorns every fertile ytiar to stock a 
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teeet ; and yet th% germ^s of all their generations 
must have been contained in the first o^-bud that 
ever sprouted ;- and but for the germination of that, 
we should never have had an oak. Nor is the oak a 
solitary instance ; for as we trace anything tovrards 
its origin, we find that the liqiit which we approach 
is that " nothmg**, out of which Almighty Power 
spake and commanded ^* all things." 

It is, therefore, always dangerous to slight little 
things, for little things are all beginnings ; and in 
obtaining knowledge, and thence enjoyment, it is at 
the beginnings only that we can begin. All those 
be|tinnin^ are. in nature ; and those who discovered 
arid applied the property of water which has been 
mentioned had no more to do in the making of that 
property than those to whom it As altogether un- 
known^. Anybody^ too, who possesses the organ 
of sense necessary for the purpose, and will exercise 
that organ, may know those be^nnings ; and then 
comes the proper exercise of riian. One thing is 
compared with another ; the process is continued ; 
the relations of these thing^s to each other ^e again 
compared, those that are fit are adopted, those unfit 
rejected : -and thus discovery is piled upon discovery, 
just as one little brick is piled upon another, until 
the observant and reflective it^an rears a^splendid edi* 
fice, and calls it an invention ; and it adorns human 
nature as much as the most magnificent material 
palace adorns the earth. Even no w they are erecting 
m Westminster Abbey a monument to James Watt, 
and, perhaps, it had been as creditable had it been 
done some time ago. But James Watt needs no 
memorial at their hands. Make the tour of these 
kingdoms, and you shall ^ find Wattes monument at 
work at every village. Would you travel by land ? 
that monument shall carry you sdpng as fleet as the 
winds. Would you travel by water % heed nothing 
for wind and tide, for Jame;s Watt's monument wiB 
overcome these for you. That mdhument is at this 
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moment diTiding the waters of eyeiy nsfifaUm 
stream,- and the waves in every ocean, in ana be* 
tWeen all highlj-civilized and active countries ; and 
if, when one is in St. Paul's, *' look around'' be 
enough of reminiscence for the genius of Sir Chris* 
topher Wren, — climb the highest mountain, get the 
most ample range of land and sea ; and, in what part 
soever of the busy world it may be, " look ABouim'* 
will still be the epitaph of James Watt. 

But what he and his co-operatives have done is 
but a single series of the applications of |hat one 
property of water. Those applications are very 
many, and our salt-making is oiie and a highly im- 
portant one ; and there are places where, if ^h^ peo* 
pie could find materials}, they would prize the making 
of salt more than the making of gola. jt is reported 
that there are some tribes in Africa who give away 
gold-diist, bnt reckon value in salt as we do in money. 
Well, the moment that the water is raised to the 
boihng point, it will receive no more heat ipto its 
substance, or allow any more to pass -through with* 
out excising the resistance, to which allusion has 
been made ; arid if it is not everywhere resisted in 
return by something stronger than its own resist* 
ance, a portion of the water goes o^, and carrier 
the heat along with it, so. that the water where it 
just begins to mingle with the air is far hotter than 
it is at the bottom of the vessel. Every one has 
noticed the force with which the steam of water in 
a teakettle issues from the spout, and may have seen 
the force of boiling watet drive off the cover of s 
saucepan ; and it is said, and possibly Jt is true, that 
the discovery of the steam-engine was oping to one 
or other of these ; but when, as in boiling brine for 
salt, the surface of the ^^ater is freely exposed t6 
the air, the heat and water go off together ; and if 
the boiling were continued long epough, the water 
WOUI4 pass entirely into the atmosphere. Salt does 
not pass so easily into vapour as water; and, there* 
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t6ir% as Hie water boils off in vapour, the lemainiiig 
liquid becomes salter and Salter, until at last there 
is much ^ore salt than the remaining water could 
k^ep disscUved if it were cold. If the boiling were 
carried on too long, the salt, together with the other 
matters in the water, would begin to form a crust at 
the bottoija ; but the salt-makers here ** observed^' the 
proper strength to which the brine should be boiled ; 
and they stop the boiling and allow the water to 
cool, in that state when there is not so much water 
as is suflsient to overcome the tendency which the 
invisible atoms of salt have to form themselves into 
crystals, and so as the stronger power invariab^ 
acts* in nature, the salt ciystallizes. The brine is 
Qius obtained by motion (it becomes brine by the 
ingredients o^ water and. salt, which are at the least 
four in numbei!!j movins into a very intimate con- 
nexion with eaeh othe^. The brine is warmed by 
motion'', the surplus water is carried off by ihotion; 
the water is cooled by motion (the motion of tli^ 
heat out of it), and the salt is crystallized by motion. 
If we were to foUpw the processes through which 
the salt, or any other substance whatever, passes 
even in the longest -series of changes or events, we 
should invariably find 6ach change to be a motion 
0^ some kind or other ; and that any particular 
motion always arose from some power or source 
(beyond which w^ could not trace the motion) 
overcoming another power which, had it been the 
stronger, would have produced a totally dilBferent 
vesult ; and given rise to quite a different chain of 
appearances. Take, for instance, a bushel of barley, 
and steep tt in water, and it will drink up some of 
the water, iand swell and become sugary to the taste, 
and begin to sprout ; and it wiU do that whether it 
is steeped bv the maltster, or sown in- the earth and 
steeped b^r the moisture of that. Thus, a succession 
of events is begun, which in each case we can trace 
no farther than the graib of^ barley, unless we trace 
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thttt thronffh the plant on which it grew to the gnxti 
which produced that plant ; and «fter we had known 
all the steps of growth and ripening, between one 
grain and another, we might repeat the same circle 
over and tover, but would never get any additional 
information. But at every stage between the one 

gerfect grain and the next in succession, the plant 
as a different appearance, and is fitted to a different 
use ; and the maltster knows that if the natural pro- 
gress of the plant be arrested, and its power of a^ain 
returning to that progress destroyed when it is in 
the sugary state, it will become malt, and the brewer 
will purchase it: So, as soon ^s the maltster has 
steeped it to perfection, he tosses it about, and breaks 
off the sprputf and dries it ; whereas, when it is left 
in the earth if roots itself there, and sends up its 
steilii and becomes a plant ; and if the man can wait 
and wiQ attend to it, and collect each year's produce, 
and sow it again next year, his one bushel will soon 
beeome a thousand bushels. In these instances, 
again, there is nothing but a succession of motions ; 
and in them all there is a point at which the thing 
^ts too fine for weighing or measuring, and there 
it glides r slowly beyond our comprehension alto- 
gether; and the very minutest guess, as it were, 
that we can get of a thing, is the proper point at 
which to begin the study of it. 
«, The negle^ct^f small things is, indeed, the grand 
error, in consequence of which so many pas^ in 
ignorance and heaviness that life which nature and 
art (for, after all, art is merely the application of 
nature) are capable of rendering so intelligent and 
80 full of happiness. The fable of '*The boy and 
the goose with golden eggs" api^ies in most things 
to many people, and in many things to all people. 
The eggs of the goose were brought to their proper 
size by a process 6t nature, which the owner of 
the goose could iforward in no other way than by 
giving the goose plenty of wholesome food, and 
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otherwise keeping it comfortable ; and when the 
■illy boy killed ana opened the goose, and found the 
germes.of the eggs no bigger thw gruns of mustard- 
seed, he was not only disappointed in his expecta- 
tions, but he was deprived of those eggs which, if 
he had waited, he would have got in the course 
of nature. Just so, in every process, whether of 
nature or of art, there is one succession of events 
which leads to the proper result ; and if at any stage 
of those events the least change be made, the result 
will be changed, and the labour will fail ^d be use- 
less. The nearer the beginni^g that the deviation 
from the right course is, the farther are matters put 
wcon^. One-tenth part of an inch of error in the 
levelling of a gun, may throw, the bullet fifty yards 
wide of its mark. One pace taken six inches lon^r 
or shorter than the one before it, will turn quite aside 
and cause to lose-his way, on a trackless niOor and 
enveloped in fog, a man who started in the. proper 
direction to where he was going. Life is to us aH 
not unlike the moot in the fog, we must find our 
way much more by that which is in us than from 
external tMngs ; and if ,we are heedless of steps, 
we never can get straight on to our purpose, but will 
often wander so obliquely as, without being at all 
aware of it, to turn completely round, and end 
where we began^ That is the case with those who 
ffO .occasionsdly to the foggy and pathless moors. 
They set out from the cottage on the one side in 
exactly the prop>er direction, but as they have been 
accustomed to follow beaten tracks— ^^o he mere copy- 
tBU of others^ they deviate without knowing it, and 
very often night brings them back hungry and, ex- 
hausted^ though all the time they have a firm belief 
that they are going in the direction of that place on 
the opposite side, which they ought to have reached 
before mid-day. Indeed, to those who do not take 
heed how they walk, sunshine and surroundinff ob- 
jects are not to be depended on» because, in juacca 
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that Bie strange to us, we sometimes cannot con* 

vince ourselves that the south is not the north* 
although the mid-day is shining there in all its 
splendour. There is no man, \vho has walked much 
about among lonely places, that has not often ex- 
perienced that ; and, therefore, though our object is 
only to cross a portion of country by the shortest 
road, observation is the most certain means by which 
we can attain that object; and thus, one of the 
earliest lessons that the observer of nature requires 
is *^ how to keep his way.'' Take the most intelli-r 

gent friend that you have in or near London, who 
as lived within view of a certain reach of the 
Thames, till he has associated the direction of the 
river there with the other points of the horizon, put 
a compass in your pocket and walk with him along 
the bank of the river /rom Vauxhall to Windsor, or 
for any other considerable distance, and keep him 
engaged in conversation all the while, so that he 
should take little notice of . the objects which he 
passes, then stoppfng at any place you will, where 
there id only a small straight portion of the. river in 
view, ask him its direction and get his answev^ 
Tlien pull out your pocket compass 'and learn the 
true direction by that ; and you will find that your 
friend's notion has little, if any, reference to that, 
but that with him the Thames always runs in the 
same direction as it does within his own " reach.'' 
Even you yourself, although you may try to guard 
against it, vrill find that, as the river bends gently 
northward or southward, your compass becomes 
false both way's by turns, and that the very sun 
rihifts about in the heavens, gets sometimes very 
rapi<)ly westward, and at other times retrogrades 
eastward. 

Where there are pathwa3rs people can '< keep the 
mt," and hold on their journey and arrive at this 
end of it with certainty, just as the duU plod on in 
life by imitating others i but in the new, wnether oa 
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R journey in life- or in action, there must be obser^ 
▼atioir, and careful and connected observation, all 
the way from that which was familiarly known 
before, otherwise there is no security against failure. 
The man who " loses the points," or gets tiie '* com- 
pass in his head'^ reversed, may always be aasijred 
that he does so in consequence of some deviation 
or double that he made, and made just from ¥rant 
of attention to what he was about.' As to the fog, 
there signifiea little whether that is in the atmo- 
sphere or in the mind ; and, indeed, it is far more 
dangerous in the latter case,-^the fog of the moor 
may go off without our attending to it, or we may 
get out of it ; but we never can escape from the fog 
of our own inattentive and unobservant minds. 

That there are some principles by which we can 
find our way, in cases ^here we can neither see it 
with our eyes, nor grope it with our hands, is a^fact ; 
and any one who attentively observes the footpaths 
that are formed on a common or field, where there 
i^ no hedge, or any thing to determine the direction, 
may, in part at least, see and understand the reasons. 
If we can get instruction from the mere fact of 
treading a pathway across the common, we surely 
need not despair of getting instruction from any 
thing that we choose to otmerve ; and that will be 
another argument for attending to small and every- 
day matters;—- matters that lie within our observa- 
tion, and may exercise our thoughts without ex- 
pense or loss of time. Why should there be a 
trodden path at all? is the first questicm. People 
do not follow each other by the scent, as dogs foUow 
their prey ; and their persons^ legs, and dispositions 
differ : so that they cannot have either the abili^^ 
or the desire of gomg all the same way. But quad- 
rupeds, such as sheep, rabbits, and hares, form tracks ; 
and so do some insects-<*ants for instance. The 
tracks of ants are nearly strai^t lines ; ani those 
jof quadrupeds are much sbwgfater than humaM 
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footpaths, if there is nothing to confine them to a 
particular direction. So that the formation of th6< 
path is not a matter of reasoning and judgment ^t 
all, but purely mechanical. ' When an animal, how- 
ever smaU or large, walks, it must always so move 
as that its centre of gravity is>snpported, otherwise 
it would fall. Now that is obtained partly by the 
motions of the legs, and partly by those of the 
upper portions of the body. The more legs there 
are, the centre of gravity has the more props, and 
80 there is less need for counterbalancing motions 
in the body^above. Ants £iave six legs, quadrupeds 
four, and man only two ; so that man needs more 
exertion of his body to balance himself than the 
quadruped, and the quadruped more than the ant. 
The man too is upri^, and even the quadruped is 
higher In proponion to its breadth than the ant. 
Thus the centre of gravity swings by the longest 
lever in the man in proportion to his whole weighti 
and by the shortest in the insect ; and thus the man 
is more a^ected by the position of the surface on 
which he walks than the quadruped; and the quad* 
ruped is more affected in that way than thp insect. 
Where the ground is perfectly level, the man's path 
is nearly straight ; but if the ground rises to the one 
hand, the path always takes a twist to the other, 
because the foot which is on the high ground throws 
the centre of gravity the other way, and the o.ther 
foot is advanced towards the low side, in order to 
Bup^rt the centre of gravity, and keep, the body 
steady ; and as long as the one side of the groiml 
continues higher than the other, the* track continues 
bending towards the low side. If the ground ag%in 
becomes level, ^e path, if not counteracted by ob* 
servation and design, gbes on in the last Erection 
of the body, how different soever that may be to 
the direction of the path on former level ground ; 
and if the groqnd begins to slope the other way, a 
bend in the other direction takesfdace, oiless nrhsu^ 
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^tetrvationprevents it. Any one who looks at foot* 
pat]i9, not designedly made, even when they lead 
across the common from one well known and often 
freauented spot to another, will see that they are 
made a great deal upon those mechanical principles, 
and not only so, but when there is, upon ground 
having side elopes, a beaten track on the grass by 
the side of a perfectly straight artificial wsdk, the 
effects of this natural balancing of the body may be 
seen.. It does not require hills to produce them, for 
the ground inunediately at the sides of the track 
may be perfectly level, and yet the track as much 
twisted as if every little swell extended onward and 
rose to a great mountain. A slope forwards or 
backwards does not produce . similar effects; but 
when there is an increase, and at the same time a 
twist in the ascending slope^ the natural paths of 
men, and even of large quadrupeds, have generally 
twists there, ai^d twists which are very dangerous 
for wheeled carriages in* moving rapidly. In thd 
early ages' of English hi^story, men and norsemea» 
and paek-horses, appear to have been the only en- 
gpeers in' road making ; and as, in a horse with a 
rider or a load, the centre of gravity is higher, and 
consequently swings more than in an unloaded 
horse, those twists at the double curvature of the 
steep hill occur in many places where the old line 
has been preserved, and among other places, just 
near the top of Highgate HiD ; and it is a fact, that 
though those twists are dangerous for carriages, they 
are easier for those who walk, or ride slowly, than 
if the road went straight up. 

Any one may convince himself of the truth of 
these effects of the centre of gravity by trying to 
run in a horizontal direction round a hiU, without 
getting farther from the summit or centre of th(> 
Sill ; or how difficult it is to run round on the slope 
pf a circular basin or hollow without getting nearer 
Ip its oentre or bottom. If th(B tntttoments of a 
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circular tower which has no parapet, slope outwardfl^ 
it is not only difficult but highly dangerous to walk 
fast round them ; but if they slope inwards, they are 
safer u»l more easy than if one were walking in a 
straight path having the same width. Upon a simi- 
lar principle — ^though there the forward motion of 
ihe centrcrof gravi^ has more to do in the matter 
— ^if a circular turn in a road slope outwards, a coach, 
if moTing rapidly, is apt to be overturned or the 
passengers flung- off towards the outside, but if, on 
the contrary, the road at such a place slope inwards, 
it is safer than if it were level. On this principle, 
coaches are much more endangered by passing 
rapi^y loops of road at the hips of hills, than simi- 
lar loops at the heads of valleys. Thus, we perceive 
that there is no Jittle information even in that which 
to those who 'f see things but do not look at them" 
appears to be a merely accidental path, and that 
should lead us to be careful to *' look at every thing 
we can see ;" and if we once do that, we are inde- 
pendent of the lessons of other people. 

But we further see that there is, in the nature of 
the surface over which we proceed, a tendency to 
turn us from the purposed direction of oyr path; 
and if we do not observe the variations of surface 
which act mechanically upon our centre of gravity, 
and occasion these deviations from the straight line, 
we never can get to our intended place by the 
shortest road,-T-and very often we cannot get to it 
at all.- The inet^uality of our steps increases this 
tendency to deviate ; for if, upon level ground, we 
take short steps with the one leg, and long steps 
with the other, it is altogether impossible for us to 
keep the straight line ; and if we are on a slope, it 
is just as impossible for us to prevent ourselves 
from curving down that slope, if we do not take 
short steps with the higher leg and long steps with 
the lower; and if we would gradually dimb the 
slope with tti$ least exertion, the higher leg must 
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take Ihtte mincing pace* while the lower lev takes 
strides. Here there are eome beautUol moma ; but 
we have no time to bring them out ; only we ehall 
nmark,that,aain walking, so in I'. ' .' : ' ni leani' 
ing, there is a gravitation in ua do not, 

by carefnlobBerration, adjust itl - tances 

through which we haTC to com .t only 

becomes crooked, but we are aJ lower 

down ; and that the grand caus < < auk and 

the descent is, over-azertion <>f' .<ui' In.j.er foot: 
our ambition strides away ; our indi^try cannot 
keep pace with it ; and down we come. 

Both those causes of deviation operate uptm the 
man who tries to cross the foggy moor ignorantly; 
that moor shelves in all directions, and he knowa 
not how to counteract the shelvines ; and as little 
does he heed the differences of pam or the regular 
tion of his paces, so as to adapt tiimaelf to these. 
But the man who is intimately acquainted with such 
places finds out thosematteis; and let the moor 
be ever so wide, and the fog ever so dense, he knows 
the direction of the place where he wishes to go. 
Bets his face directly to it at the outset, aud attend- 
ing In V' ' V-1 tlir form of the surfaces 

over " .i(.'i;i>inpliske3 his purpose 

Thesaiiur is iiiiiHiiur remarkable instance of what 
may be done by ubservation, and working to circum- 
stances. No matter though the wind blow directly 
from the place to which the eailor is bound, he trims 
his vessel ao that it works within lf« than eight 
points of the wind, and thus, by a combinatiDn of 
observations, and of contrivances fonnded vpon 
those observations, he so tacks and zigzsgs acrow 
tnd across that wind, as to make It itctiuUy blow 
lim towards that poiiU from which it is Itself blowing; 
To beware of alighting any thing, on acceunt of 
a supposed insignificance, is the cr^id preeution 
r Uiose wh owoul d jJeaaantl y aud profitably etudf 



106 Aix vnmos v$EFtnu 

nature ; bat there are a few others. We miiBt not 
attain from the. examination of any thing on ac- 
count of the ignorant having a prejudice against it. 
It has been alreadjr said, that no production of na- 
ture is ugly ; and it may be added, that when we 
are properly acquainted with them, none of the pro- 
ductions of nature are injurious. It is true, that 
there are some that would poison us, if we ate them ; 
others would burn the body, if they came in contact 
with it ; and others again offend, and even waste and 
wear our org^s of sense. But it is our own fault, 
if we allow them to produce any of these bad effects. 
We need not swallow arsenic, be bitten by rattle- 
snakes, offended by the sight of toads or newts, or 
sickened by noxiotis 'effluvia. We should find out 
their properties, and shun those that are hurtful, at 
the same time that we turn to advantage those that 
are beneficial. De^ly as the white oxide of arsenic 
is when taken into the human stomach, arsenic, used 
for proper purposes, is a highly valuaUe substance, 
8ome of its oxides are beautiful paints, others give 
purity to glass, hardness to the ^etal of . printing 
types and the. mirrors of telescopes ^, and even the 
deadly poison itself is the most effectual remedy in 
some dii^eases. Prussic acid, again, which in cer- 
tain states is a more deadly poison, perhaps, tiian 
even arsenic, is not only in other spates a valuable 
ihedicine, as well 0s a most essential ingredient m 
some of the most grateful tastes and odours, but it 
is Mghly probable that it tends as much, and perhaps 
more than any other substance in nature, to produce 
the colours of those flowers which render the fields 
and the gardens so gay. These are,' no doubt, ex- 
treme cases; but they are cases to the. purpose; 
and with them before us, we must learn not to have 
an aversion to* or to despise, any one of nature's 
productions, until we can be sure that we know aB 
Its properties and all the^urposes that it will answet 
And as that is av degree- of i^nowledge at which w 



nsver can arnve, it is tantamount to saying* that we 
should never despise, or cease further to examine, 
any natural object whatsoever; because, even in 
the most common and neglected one there may be 
properties more really useful than those of that 
upon which we, with our present knowledge, what- 
ever the extent of that knowledge may b^ set the 
'highest value. There was a time when people 
little dreamed that common coal might be made to 
circulate in pipes like water, and light up streets, 
roads, and dwellings, and yet be* nearly as service- 
able as ever for common fires, and mor^ serviceable 
in all cases where smoke is objectionable ; and there 
was also a time when, if any one had said that the 
elements of water, mixed in the same proportion in 
which they form that liquid, could, by being burnt 
from the state of two separate airs to the , state ef 
liquid water, produce about the most intense heat 
that could be produced, the statement would have 
been-treated as the dream of a distempered imagina- 
tion. There are innumerable casesj too, in which 
that which has for centuries be^n thrown away as 
the refuse has, upon further discovery, been found 
to be the most valuable part of the whole composi- 
tion. The ore of zinc, which united with copper 
fonns brass, use<i to be considered as a useless en- 
eumbrance by the miners in several parts of the 
country. The bones of meat, which were once 
scattered' both unsightly and unprofitably over the 
waste places, are now, in consequence of a few 
very simple discoveries, made probably more valu* 
able,, weight for weight, than the meat itself ; and 
the very dust Kod rubbish Of the houses, which in 
the places vi^here it collects is absolute filth, is found 
Tery serviceable in many of the arts, ae that large 
fortunes are made by people who collect it at their 
own expense. It is scarcely possible to turn one's 
attention to any one branch of industry in which 
there sboll not be ibudd some substance of the 
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^eatest importance and Talne, w)iich used on foniMr 
occasions to be despised. Therefore, as we mwl 
beware of neglecting small things, so also we mnsl 
not refrain from observing and examining any thing, 
though that thing may be neglected or despised, or 
even derided; for a thing which is any or all of 
these may contain the substance of the most valu- 
able discovery that it is possible for us to make. 
There is no substance and no event independent and 
of itself alone. They belong to the great family of 
nature and the vast succession of appearances ; and, 
whatever their aspects may be to our mere gaz9, 
they may have a long tale to tell, of the past, and a 
most important revelation to make of the ' fiitqre. 
To the unreflecting observer, the chalky clifis of 
Kent, with their disperised nbdules of flint, may 
seem very dull and senseless instructors; and yet 
those beds of chalk have once been sea^helis, and 
those flints have once.been sponges ; so that the 
two together tell us that those very cliffs, which 
now stand beetling over the <>cean, must at some 
period or other have been far be|ow its surface. 
Indeed, there is not a substance with whi^h we 
meet, or an appearance that can atrike any of the 
senses, but wmch, if we will hear it, has; got an 
Interesting story; and whether we visit places 
thickly tenanted with animals, pdaces thickly planted 
with vegetables, the barren wilds, the ocean shorea. 
the wide expanse of its waters, or the wastes of 
drifting sand,-^nay, even if we cofdd mount up from 
the earth altogether, and visit the region of clouds, 
we should Aqq enouf h to exercise afi our obaervac 
tion, occupy all Oiur moughts, and gratify and deliglr' 
us to the mil meas)lre of our capacity for enjoymer 
We speak of the waste and the vnld^mess ; but 
truth, there are none such in nature : the only dew 
in creation are human senses which do not obsei 
and a human mind which cannot compare and thi 
Thus, if we complain Ihst we are deseited and-^ 
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tary, our complaining is unjust : nature never for- 
Bikes us and leaves us alone, — it is we who are 
insensible of and neglect nature. And when we do 
80, we violate our own nature as much as we belie 
and libel the rest of nature around us ; for our natu- 
ral bent, our natural pleasure is to observe every 
thing, be it what it may, which comes within the 
range of our observation ; and if we refrain from 
doing so, we are degraded from our proper rank in 
the creation, and the degradation is our own fault. 
And the punishment of shame and inferiority, and 
the misei^ of a useless and ungratified mind, which 
are upon us, are of our own bringing, and brought 
by us against every inducement to an opposite 
course ; so that, even though there were any one 
to pity us, we merit not pity, but ridicule ; because 
our eyes are open and all our senses fitted for the 
perception of something better ; and we, from mere 
laziness, and not only that, but by atifling with la- 
bour, and often with hard labour, the powers which 
have been ^ven us, knowingly remain ignorant 
when we might more easily be informed, and take 
the crooked path of error when we well know that 
the straight road of truth is both shorter and more 
easy. ' 

Those two which have been mentioned, together 
with some ramifications into which they may branch, 
are perhaps the most stubborn obstacles in the way 
of tne successful observation of nature ; and if we 
coidd get the better of them, we should have a will 
to the work, and where there is a will, it is true, and 
common even to a proverb, that there is a way. 
But as, even where they exist, and ate acted upon 
in all their inveteracy, we are not very willing to 
confess them, it may, perhaps, be as well to suppose 
that we have got the better of them, and are dis- 
posed, not only to push vigorously onward in the 
road of observation, but to be imormed of every 

K 
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thing that can speed our advancement, or prevent 
our turning aside from it. 

Those who would be profitable observers of nature 
must have very clear and correct notions on the 
subjects of weight and magnitude, which are the 
general qualities of matter in all its varied forms, 
whether living or dead : they are the standards by 
which all things are determined, and the only means 
by which one thing can be accurately compared 
with another : and when we come to any thing, be 
it what it may, that we cannot determine either by 
weight or by. measure, our knowledge of that thing 
is always vague and imperfect. 

Weight is nothing more than the tendency which 
all portions of matter have towards each other ; 
not in/the formation of crystals of a certain shape, 
as was mentioned in the case of common salt, or in 
the formation of drops of water, masses of stone, 
plants, animals, or any thing else that has a specific 
or individual form and character ; but a more gene- 
ral property, common to all matter, and, in fact, the 
only test by which matter is known, or its real quan- 
tity ascertained. In material bodies, near the earth's 
surface, where all the productions of nature that we 
can mcHre immediately observe are, weight means 
the same thing as the tendency which those bodies 
have to fall to the earth when not supported, and to 
remain on its surface after they have fallen or when 
they are once there, if not raised up by some other 
force powerful enough for counteracting that tend- 
ency. As this weight is, as we may say, a universal\ 
property, it should be understood by even the most 
unpretending observer, if he is to apply his observa- 
tion to any useful purpose, how simple soever that 
purpose may be. Its laws are as simple as itself 
18 universal ; and as they can be stated in very plain 
language, every one should bear them in mind. They 
are these : — 

First, the tendency which any piece of matter 
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has to gravitate, or, as it is termed, to fall, is exactly 
in proportion to the quantity of matter in that piece; 
and though its effects may be varied by circum- 
stances, in itself it remains unaltered. So that, if 
the piece were broken into the greatest number of 
smaUer pieces, the amount of gravitation in them 
would be exactly the same as that in the large piece 
before it was broken. So also, if any piece or 
pieces of matter be joined to another piece or other 
pieces, the gravitation of the coUection is always 
exactly equal to the sum of all the gravitations of 
the individual parts. 

This property is indestructible; and not only 
forms part of the constitution of matter, but is the 
property by means of which alone we acquire any 
knowledge of matter at all: That which the tongue 
tastes, or the nOse scents, we cannot measure, or in 
anywise know but by inference ; and it is by infer- 
ence that we know what the Bar hears, and even 
what the eye sees, though after long practice we take 
no notice of, and therefore forget, the process of 
inferring. Our knowledge of extension or magni- 
tude, too, is an inference ; and it is impossible for 
any one to say how many millions of feelings a 
child n^ust sum up before it can feel the length of 
its own finger, or make sure of touching the finger 
of the left hand with the finger of the right. It is 
clear, however, that in this dawn and birth of know- 
ledge — ^this fountain and day-spring of all ingenuity 
and of all action, we borrow nothing from the eye ; 
for we can lay our finger upon any reachable point 
of our own body with our eyes shut as accurately 
• as we can with the eyes open, if, indeed,* not more 
accurately. / 

Any one may be convinced of the truth of this, 
by extending his arms. Clinching his hands, except 
the forefingers, and then bringing these to touch 
each other, in front where he sees them, and behind 
him, or over his head, where he sees them not ; and, 
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if he win but shut his eyes at the same time, so as 
to prevent the distraction of sight from without, he 
will find that the unseen touch is more easily and 
more accurately performed, than that upon which 
the eye looks, and, as we suppose, directs with the 
most studied attention. 

Thus the gravitation of matter is not only the 
most general property of matter, but it is the source 
and foundation of all that we can observe or know 
about material things ; for our Jirst sensations, which 
the mind must have before it can either compare or 
infer, are, and can be, nothing but resistances of 
gravitation to the action of our muscles ; and the 
probability, nay, the certainty, is, that we feel them 
m the weight of the muscles themselves, before we 
can have the slightest notion of the existence of any 
thing else. It is impossible for us, by any actual 
division we can make, even by the' aid of the most 
powerful magnifying glasses that can be made or 
even imagined, to arrive at any knowledge of the 
primary atoms, beyond which matter cannot be 
divided. But it is probable that the first sensation is 
that of a single atom in the muscle ; and that, con- 
sequently, the first element, or, if you will, the first 
material of our knowledge, is the first element of 
matter itself, — ^that we learn by mere atoms, which 
we can no more know than we can remember the 
original sensation or feeling to which they give rise. 
It has been ajready noticed that the muscular action 
of the hand, — and the stronger and more healthy 
that the hand is, it does it the more nicely, — can not 
only divide space a thousand times more minutely 
than the na'ked eye, but that it can beat the eye, 
notwithstanding all the assistance of its magnifying 
glasses. And now we can see the reason: the 
eye is a pupil ; and not only knows no more than 
the hand or the muscles can teach it, but as it knows 
through the medium of a second material apparatus, 
it is a stage further removed from mental perception 
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than the muscles ; so that while the muscular feeling 
proceeds by atoms to which we can assign no mea- 
sure of bulk or even of gravitation, the eye can tsie 
cognizance Only of collections of those atoms (the 
smallest most likely amounting to countless mil- 
lions), which have been known in their succession, 
and compared and summed up by the mind from the 
action of the muscles. So, our first knowledge of 
matter is the knowledge of gravitation, and nothing 
but gravitation ; but it is gravitation which we can- 
not measure in the primary particle ; and therefore 
it would be vain for us to inquire, or seek to be in- 
formed of what gravitation is, because we have 
pursued our analysis to its very beginning, and there 
we equally speak truth when we say " gravitation 
is matter," and ** matter is gravitation ;" for to our 
perception they are one and the same. 

The second law of gravitation, which, it is neces- 
sary for every useful observer of nature to know 
and to bear in mind, is the law of its variation; 
That law is no variation in the quantity of gratitar 
tion itself, because, being the primary qu^ity of 
matter, gravitation is as indestructible, either in 
whole or in part, as matter itself, and can be de- 
stroyed only by the same power that made it. 
When we divide matter, we divide gravitation along 
with it ; but there is no ingenuity in man, and we 
know of no process in nature by which any one 
portion of material substance can be deprived of 
the least shade of its material quantity. The little 
particle of water, while it is rising in vapour through 
the dry air, so fine that no eye or instrument can 
recognise its existence, has the quality of gravita* 
tion as perfect as if it were dashing down the rocks 
in the mighty flood at Niagara; and the smoke 
which ascends upward in the free air would, in a 
vessel from which the air had been aU pumped out, 
lie at the bottom the same as a stone. The cork 
Uiat floats on the surface of water has the veiy 

K2 
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flame gravitation, in proportion to its quantity of 
matter, as the lead which sinks to the bottom. The 
absolute gravity of any one substance is exactly the 
same as that of any other ; and the only variations 
are, there being less or more of the substance in an 
equal space, or substances being nearer to each 
other or farther asunder. 

The variations of weight in an equal bulk, or of 
bulk in an equal weight, of different kinds of matter, 
are called their specific gravities, because they are 
one of the means by which the species of matter are 
known and distinguished from each other. The 
specific gravity is known by weighing > equal bulks, 
or measuring equal weights ; and that which mea- 
sures least when the weights are equal, and weighs 
most when their bulks are equal, has the greater 
specific gravity. It is of no consequence to which 
of these methods singly we have recourse, or 
whether we have recourse to both of them jointly 
—as we must have in all cases where the specimens 
which we compare ar6 neither of the same weight 
nor of the same bulk. . In those cases the common 
mode of expression is, that the specific gravity is 
as the weights directly, and as the bulks inversely 
—which means, that if both substances are weighed, 
and both measured, by standards which are the same 
as applied to both, then, if the weight of each be 
multiplied by the bulk of the other, tjie products wiU 
express the relation of the specific gravities. 

But the specific gravity of particular substances 
is not, like the absolute gravity of one substance, 
unalterable. The very notion of it is compound : 
both weight and measure enter into it, and its value 
is expressed by their product ; and the same product 
may be obtained from any two numbers, if the one 
be increased in the same proportion as the other is 
diminished. Thus the number sixteen is four times 
ibur, or two times eight, or one and one-third times 
twelve, or one time sixteen, or one-half time thirty* 
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two, or one-quarter time sixty-four — or, in short, 
some product of any number that canv possibly be 
named. There are various natural causes that alter 
the specific gravity of substances, Uiough more ex- 
tensively iu some than in others ; and some of the 
most important, as well as the most curious results 
and appearances in nature are owing to those 
changes. In dry wood, the changes of specific 
|[ravity, in the same piece, are very small ; while, 
m the common air that we breathe, they are great; 
and in countries and at seasons that have the wea- 
ther variable, they are constantly taking place. 
They are, indeed, among the immediate causes of 
some of the changes in the weather, and they are 
in other cases the effects — on that subject it is not 
very easy to distingui^ between pauses and effects. 
In the events themselves, there is no difference 
between what we call causes, and what we call 
effects; for every cause is the effect of a former 
cause, whether that cause be known to us or not ; 
and every effect is the cause of a future effept, 
whether or not we shall discover or otherwise know 
that effect. 

The only other variation of gravity which it is 
necessary to mention, for purposes so very general 
as ours, is the variation of its intensity with change 
of distance. The farther any one piece of matter 
is removed from any other piece, the less does the 
one gravitate towards the other. If, for instance, 
one body be removed to twice the distance from 
another, its gravitating tendency will be only one- 
fourth of what it was before ; and if it be brought 
to one-third of its former distance, it will gravitate 
nine times as much. It is usual to say that bodies 
gravitate towards each other inversely as the squares 
of their distances, — ^that is, if one body is at the 
distance two, and another at the distance three, the 
body at two will, on account of distance, gravitate 
M nipe, while the body at three, gravitates as fouiw 
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We must not, however, misunderstand what is meant 
by distance from a body in respect of gravitation. 
It is not from the surfaces of the bodies that the 
distance is estimated, it is from their centres of 
gravity, or of weight. Those centres, in bodies, are 
the points into which the whole would be squeezed, 
if the different parts of the body itself gravitated so 
strongly as to be able to reduce the whole to one 
point ; and they may or may not be the measured 
centres of bulk in the bodies. In a perfect globe or 
round ball of uniform matter, the centre of gravity 
is the same as the centre of the ball ; but if half the 
ball were lead, and the other half cork, the centre 
of gravity would be so far into the leaden half that 
it would scarcely be possible to roll the ball, and it 
would always lie on the centre of the leaden surface. 
Very amusing toys for children are made upon that 
principle, by carving little figures in the pith of 
elder, or any other very light substance, and gluitig 
a half leaden buU^t on the bottom. The figures are 
80 much lighter than the lead that they get up again 
when they are upset. Tqys for children of an elder 
growth, such as bowls for playing on the green, are 
loaded in the same manner, which gives them a Masj 
or makes them run crooked ; so that an expert player 
cap bring his bowl in at a side, and take the mark 
away from a bowl that touches it. On the same 
principle, ships' boats are ballasted, to prevent them 
from upsetting by the action of the wind on their 
sails ; and coaches that have a box below, for heavy 
luggage, are much safer than those that carry a 
much smaller weight of luggage on the top. 

The gravitation of distance, or of the position 
which one body has with regard to another, depends, 
like specific gravity, on two elements, — the absolute 
weight of the body, and the distance ; and it varies 
with every change in either of these. It is inversely 
as the square of the distance, and directly as the 
absolute gravity or quantity of matter. But the 
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Ip^yitation of distance is not affected by the spe- 
cific gravity ; for if it were not that the air resists 
the one more than it resists the other, because there 
is more weight of air opposed to the same weight 
of it, a cobweb would fall as fast and as straight 
from the top of St. Paulas, or any other height, as 
a mill'Stone. 

But though the place of no substance can be even 
in the least changed without a change in the gravi- 
tation of distance, yet the alterations produced by 
small changes at long distances are very small 
The distance of the mean Surface of the earth from 
its centre is about four thousand miles, and the 
highest mountain |:nown is less than five miles 
more, so that the weight of an ordinary man would 
not be half a pound less if he were on the top of the 
mountain than if he were on the seashore. Sub- 
stances that have elasticity or spring in them, so 
that they are affected by pressure, show even a 
much les9 elevation than that. The air is ^together 
a spring, pressed dpwn by its own weight, and it 
shows the changes of height very nicely. Water 
boils with less heat too ; and the human body is 
affected, — ^the air which is with the blood or other 
liquids, in the very small vessels, under deUcate skin, 
swells the vessels, and sometimes bursts them anH 
they bleed. 

Gravitation is the grand principle by which Na- 
ture, on the great scale, is held together ; and, under 
the same circumstances, it is uniform in its appa- 
rent effects. In itself it is always the same, follow- 
ing matter through all its changes, dead or alive, at 
rest or in motion. The paper of this book has, in 
the same identical particles which now form it, besn 
changed from one visible substance to another, prob- 
ably millions of times since it was created ; and it 
has very likely been scattered through, millions of 
substances at the same instant ; but not one atom 
-of it has been lost ; and in ^ its changes the amount 
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of its absolute gravitation has remained the same — 
the test and evidence of its being ; and always act- 
ing according to circumstances, instantly, and in 
the most unerring manner. 

But though the force of gravitation, or more cor- 
rectly the phenomenon, or appearance of gravitation 
(for all that we know about forces or powers is only 
appearance), be thus. universal, and in its tendency 
to act invariable, it is so finely divisible that we 
can follow it down, from suns which retain" their 
surrounding planets in their paths by its influence, 
even at the distance of* full eighteen hundred mil- 
lions of miles (that is the mean distance of the 
planet Herschel from the sun), to mites and motes, 
and to the particles which circulate in the vessels 
of animalculi wliose whole bodies have to be mag- 
nified many thousands of times, before the finest 
eye can see them ; and though it can lead a globe 
nearly one hundred thousand miles in diameter, or 
fourteen hundred times as large as our earth, more 
easily than we can lead a lamb ; yet it is so pliant 
—harmonizes so well with all the other powers Of 
nature, that instead of hindering any thing, it pro- 
motes every thing. , , 

The unity of purpose with which even things 
which to our observation, when we think of them 
singly, would appear to be of the most opposite 
character, work in nature, is one of the most de- 
lightful rewards of observing them in their combi- 
nations. The sun, the moon, and the planets all 
work together in producing days and years ; so that 
all the living creatures, vegetable and animal, may 
have their due times and seasons of activity and re- 
pose. The night restores from the fatigue of the 
past day, and tuneis all the powers of nature for the 
day which is to come. The winter howls in storms, 
and the spring is inconstant with supshine and 
showers, only that the summer may bloom in splen- 
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dour, and the autumn ripen the seeds of young life 
for the coming year. 

Of a]l those appearances which, blending together, 
produce so much beauty, and beauty so constantly 
yarying, and yet so constant in its succession that 
it flows on in one unbroken stream, and which, as 
we observe it, receives, in our knowledge of it, an 
increase every moment, just as a riyer gains a rill 
from every dell that it passes, we cannot say that 
any one is the cause Of any other. When we push 
our observation of them, and our reflection on them, 
as far as human knowledge can go, we find that they 
all equally demand causes ; and that nothing but a 
UNIVERSAL CAUSE could havc produced them, or can 
satisfy our minds when we come to the bourn where 
observation stops. And whithersoever we direct 
our contemplation, upwards or downwards, forwards 
or backwards, in the extejnsion-of space, or in the 
succession of time, we really can find no boundary 
— ^no greatestj no smallest, no first, no last; and 
yet, as appearance follows appearance in time, we 
' find that the whole are in succession, and that 
nothing that now is could have been, if something 
had not been before it ; and yet, — though any one 
of those successions of appearances (which we call 
the laws of nature) can be suspended by the action 
or resistance of some, almost any of the others, no 
one of them can be destroyed or changed into 
another — ^howmuch soever its effects maybe modi- 
fied, — ^we cannot even imagine that any of them 
could have been the first cause of any other, or could 
have existed without something preceding. 

It^is mnchihe same with the productions gf nature 
as with the laws ; and it cannot be very different, as 
the productions are just the results or consequences 
of the laws. We see that the habits of plants and 
animals, and the properties of compound matter, 
can be changed ; and when wo once observe how 
the change tSkes place, we geuen^y are able, within 
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certain limits, to bring it about. And, just as we ex- 
pect, when we 'think over the matter correctly, we 
nnd that we can effect the greatest and the most 
beneficial changes in those things of which we have 
the most knowledge. sDead substances we can 
manage the best, because we can in most instances 
take them to pieces, and in many we can put them 
together again. Vegetables rank next ; after them 
animals, and then ourselves — in so far as we are 
material. But, even in the simplest; that is, in the 
best understood of these cases, we find a boundary 
which we cannot pass. No art of man, and not any 
process of nature which we know, can make an eagle 
graze on the common like a goose ; as little can the 
lion be made literally to "eat straw with the ox;'' 
and even in dead matter, we, in every case, come 
at last (and the road is seldom a long one, though 
often difficult to find) to substances which we call 
** simple ;** and as those simples are not convertible 
the one into the other, and as they are all as neces- 
sary to the things and appearances of nature as 
well as the laws are, the whole must have had a 
simultaneous origin. Whether, therefore, we look 
at the objects or the events in nature, we are alike 
convinced that> they could not of themselves have 
begun, but must have had their origin in On£, and 
One greater than them all — One who knew before 
any of them was in existence how they all were to 
act, singly or in concert, and what were to be the 
whole of their appearances, throughout the entire 
period of their succession. That is the ultimate 
lesson which concludes the book of nature ; and if 
we read .that book far enough "with our own eyes," 
we are sure to arrive at it ; and there is this conso- 
lation in the matter, that instead of our tiring of it, 
it ceases to be felt as a task, and becomes play, the 
moment we enter upon it — or, at least, the moment 
that we become in earnest with it. 
There are rarious othi^r principles and properties 
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rWhich it is desirable that they should know who 
are anxious to observe nature with pleasure and to 
profit. But they are all either less understood, or 
less open to the common observer, than the great 
principle of gravitation; |ind so they may be more 
advantageously noticed along with the substances 
or the places in which their operations are dis- 
played. Those that perhaps demand the ||rst at- 
tention are they which, without any other apparatus 
than the substances in which their effects are seen, 
counteract of suspend the general influence of gravi- 
tation. 



SECTION V. 

* ObservaUon of Light and Heat, 

Thc class of a^nts or agencies (for we have no 
means of ascertaining whether they are the one or 
the other — whether they be real thirds, or mere 
phenomena of other things) to which we shsfll very 
brieffy allude iti this section, are light, heat, elec- 
tricity, ^d seme others, which are sometimes (not 
very sensibM called "imponderable" substances. 
Being " ponderable," that is, having weight, is the 
only real test that ouf observation c&n have of what 
wie are accustomed* to call material substances, that 
is, caul be the objects in which those phenomena 
which we are in the habit of calling th^ effects \ of 
the "laws of nature" can be exhibited or revealed 
to iis through the mediuhi of the senses. And even 
weight, though we can feel it, la resistance to our 
muscles and in the muscles themselves, in more 
minute portions than we can see with tlA eye, is yet 
never fdt done^ so as that we can have any know- 
It 
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ledge of it. In order to that, there miist^e some- 
thing which we can call ^u^^^anci^ and that substance 
must be of spme extension, or measurcy or hulk ; that 
is, it must occupy space, and space in which there 
can be no other substance at the; same time. That 
space must be of some shape or Jis^re, too j and the 
shape of the space must be exactly the same as that 
of the body which fills it ; and the substance which 
thus occupies space must have some consistency, in 
order that we may know by muscular resistance 
that it exists; and its consistency must depend, not 
only on what has been already noticed as its gravi- 
tation of quantity of matter and position, by which 
it keeps its place among other substances, but it 
must have a consistency of its own, by means of 
which it preserves its shape. That is called the 
cohesion of the body, which means the tendency that 
the still smaller bodies, of whrch we must suppose 
even the very smallest that we can examine to be 
made up, have to^stick together. And this last firop- 
erty, of which there are many varieties, has no 
necessary connexion with universal gravitation. 
The same bulk of water is, under ordinary circum- 
stances, ipuch heavier than corkj for cork swims on 
the surface, of water ; but water can be held up in a 
vessel made of coVk. Indeed, the cork is really 
heavier thaA water ; for it may be so soaked in 
water that it will sink like a stone, and at the same 
time be no larger than before. But the water cannot 
possibly be heavier than itself; and so the cork must 
be heavier than water. Quick;silver too is much 
heavier than glass; and yet it 'can be contained in a 
glass vessel; but still quicksilver, though when laid 
or poured on the table, it spreads, yet shows that it 
has still the properly of cohesion, though only to a 
limited extent. That principle or property cannot 
resist the action of a pound or ah ounce; but the 
little bead^ of it are quite round, and they dance 
about like small bulls of polished steel. 
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It is necessary that the observer of nature, if he 
is to be any thing«iEigher than a mere " unmeaning^ 

• gazer" (and those who are contented with that 
have little chance of reading these pages, even 
though ten times simpler than they are), shoidd 
have accurate notions of the consistenpy of sub- 
stances. It is that which the unaided senses imme- 
diately observe ; and aU the changes or phenomena 
that take place in nature are brought about through 
the medium of the consistency of bodies. Be the 
sensation what it may, taste, odour, sound, colour, 
warmth, or resistance, still it is in the consistency 
of the body that we find it out; and after mere 
lihdtion, which though in- conjunction with other 
agencies it often changes the appearances of things, 
is nothing but change of place (and place without^ 

^ substance cannot be Known at all), all our knowledge 
of action or appearaiice in. nature is change of con- 
sistency. • 

T^ere may be changes df consistency brought 
about by motion and resistance: and the motion 
may be the result of any thing that can cause mo- 
tion, and the resistance any thing that can oppose 
motion. Thus bodies that are compressible may 
be squeezed into less space by the gravitation of 
heavy weighta placed on them. Cheese is generally 
pressed in that way; and smoothing-irons and 
mangles compress the linen by their weight. A less 
compressible body b^ing made to approach a more 
compressible one very slowly will squeeze it to- 
jfether with far greater force than any weight that 
IS at all manageable. Scr^w-presses, which are 
used for so many purposes, and Bramah^s hydraulie 
or water-press, act on that principle* The finer the 
threads of the screw are the more powerful is the 
press ; and so, as there are no particles or patts that 
the eye can find or the finger touch in water, so^s 
to take note of their magnitude, the column of water 
which moves in the cylinder of Bramah's press is 
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the same as a screw, the threads of which can be 
made finer than we can know»or even imagine^ 
Thus, as there is no limit to the slowness of the 
motion of the water, there is none to the gfreatness 
of the power of the press. We shall see in a future 
section how powerful and general an instrumenl 
water is in nature's working; but as it is onlj men 
who, like Bramah, understand the properties of 
substances weU, and are at the same time very in- 
genious as mechanics, that can apply those princi- 
ples to useful purposes, we, who ^e not so gifted, 
can often understand the great principle in nature, 
from the small application of it by man, better than 
we can from nature itself.. The principle of the 
{H^ss is this: water is forced into a large cylinder 
^through a very small pipe ; and, without making 
rilowance for the friction, the ' pressure Qn the 
cylinder is as many. times that on the pipe as the 
surface of the cyhnder contains that of the pipe. 
If, for example, the little pipe through which » the 
water were forced in had its bore something, less 
than one-tenth of an inch in diameter, and if the 
cylinder that received the water were about the size 
of one of the gasometers at the laige gas-works, 
one man forcing in the water with the pressure of a 
single hundred-weight, would communicate so much 
to the water in the cylinder as that it would raise 
up ten thousand ships of about three thousand tuns 
each, or move Highgate Hill in one mass^; and all 
that power would be obtained by the application of 
a very simple principle, of whose operation there 
are countless instances in nature, together with less 
water than is contained in an ordinary miU-pond. 
It is true that if we were to tr^such an experiment 
we should have some difficulty in finding a cylinder |. 
because it would give way, and give way with a 
dreadful explosion, if it were not, at its very weakest 
point, more than able merely to baltoce the weight 
of the vast fleet or the entire hill. With us suck 
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▼essels would be otit of the question ; but stiU, as we 
have no occasion to hft large fleets or entire hills, — 
for we take hold of other natural principles, and 
make the fleets sail, and dig through the hills, or 
break them up piece and piece by gunpowder, — we 
can have cylinders for water-presses as strong as 
we have any use for. But nature is not limited in 
her instruments or operations as we are. We are 
spectators, and can only imitate that which we have 
found out; whereas that which we . (Sail-nature is the 
thing itself which we observe, — all substances and 
all tneir properties. Thus, in the resistance of pres- 
sure, nature can have her apparatus strong, up even 
to the tearing aslmder even the globe itself; and we 
.know not how many powers in addition to those 
with which we are acquainted there may be/ linked 
toffether to prevenj. that catastrophe; but we do 
know that if a carriage-wheel, made of the toughest 
iron, were made to ^ttmidle round at anything nearly 
equal to the rate at which the earth moves, it would 
not only be in a moment scattered to atoms, but 
those atoms would ^peed away on fire, burning and 
being- burnt with more intensity than any furnace 
that we could kindle or even imagine as being. heated 
by' dl the art of the founder, and ppread conflagra- 
tion far and wide. Yet that motion of the earth 
bends not the slightest thread which the little spider 
spins from stubble to stubble in the autumnal field ; 
and it is as silent as if the mighty careering mass 
were in a state of perfect repose. , 

What effect the rapid motions of the earth may 
have upon light and heat is quite another matter ; 
but it is a matter so exquisitely nice and delicate 
that it^U not come at all Within the range of our 
observation. If the earth will not pause in its 
path round the sun imtil we can find out the general 
influence which its motions haye upon the creatures 
on its surface, and their phenomena, much less can 
we hope to question the march of the sunbeamsy 
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which actually speed in about twenty-four seconds 
of time, over a distance equal in length to the earth's 
annual path. Instead, therefore, of being able to 
question light so as to know whether it be substance 
or merely motion, we cannot divide time so minutely 
as to take ike slightest note of the duration that it 
requires to pa^s from one pole of the earth to the 
other: and before we can think of the gleam that 
shoots past us it is millions of miles into the regions 
of space, shedding it&benignant influence upon other 
^nd distant worlds. The matter of the earthi and 
also that of the atmosphere, moving so rapidly as 
they do, 2Jid in the direction across the path of the 
sunbeam, must produce an effect different from thai 
which would result if the earth were at rest and 
the beam only in motion ; but as we know noting 
of either of the two, we cannot compare them or 
staJte what phenomena of nature result from the 
compound motion.' There, is, no doubt, however, 
that the actiojl is greater th^nit would be if Uiere 
were only. one motion, because we find that to be a 
general law of nature. Wh^re two currents of 
tide meet at sea, the water is trenibling and agit&ted, 
while a single tide having a greater velocity runs 
comparatively smooth. When opposing windif strive 
together upon the face of the waters, the waters 
are not only thrown into commotion, Iwt a vortex is 
formed, a cloudy pillar twines upwaixi, and if the 
striving winds are powerful, and their strife long 
continued, a cloud may be niade to ascetid, which 
may be borne landward, smd fall in deluge and de- 
vastation, or falling seawa^ it may scatter naviesi 
and entomb the most gallant vessels in the deep. 

So also in smaller matters, opposing the direction 
of a motion, by another motion gives to the colli* 
sion the joint force of both. If stopped at the same 
length, a blow hits harder when received on the ad« 
▼ancing arm, than when on the arm at rest: the 
shock of one carriage coming into coUision with 
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another one from the opposite or a cross direction 
is much greater than when the one carria^ is stand- 
ing still ; and that again is greater than if they are 
both moving one walr, and the swift one runs up 
on ihe slow. In all these cases, and in every 
case that we can examine, the swifter of the two 
impinging substances produces a proportionally 
greater effect than the omer. Soft iron can be made 
to move so raiHdly as not only to cut hardened steel 
as freely as a steel saw cuts soft timber, but it can 
be made to bum thd steel as easily as if that were 
the most inflammable of substances. The purest 
water of the brooks and streams wears away their 
c^nnels ; and the winds, which are but the thin air 
in raotiout level the. abodes of man with the earth, 
and sweep the'projductions of the earth into the sea : 
nor is there the least doubt that if a spider's thread 
of sufficient length, and no thicker than those threads 
generally are, cocdd be borne onward against the 
globe with sufficient velocity, it would cleave the 
globe asunder more easily, and in less time, than 
the arrow of Tell cleft the apple on the head of his 
son. 

If light and heat (for in the beams of the sun they 
eome together, andiiave many curious combinations 
m them) be matter, the^ must be matter in a state 
of far more minute division than we can ever observe 
with all our artificial helps. Were they of the size 
of the most, minute grains of dust, even of that 
which flokts invisibly whei^ the immediate ^rays of 
the sun are not admitted into the best-lighted room, 
but which those direct rays disclose as " the light 
motes that dance in the beam,'' they would tell upon 
the eaith like cannon-shot, and it would have been 
long ere now pounded to dust ; but instead of that, 
they are the most kindly as well as. the swiftest 
messengers that visit our abodes; and though they 
bring us no matter that we. can know by bringing it 
lo the test of matter, they bring us active 6neigy« 
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without which the mere gravitating matter of the 
earth would be of very little value. Where they 
have been for some time absent, nature saddens and 
languishes ; life becomes dormant or extinct ; and 
there is no motion, save those general motions of 
the earth, which still have reference to the sun ; ;and 
would in all probability cease if the earth were de- 
prived of that luminary. But the return of the sun 
IS a time of revival, — the bonds of nature 4re loos- 
ened, and all her tribes are in motion. - * 

No matter how brief the privation is. Be it only 
the passing of a dense cloud, how much it saddens 
the face of Nature, in air the more airy and delicate 
parts of her kingdoms. The polished leaves and 
petals and the g&ssy waters glitter no more ; the 
myriads that were, but the instajit before, winnow- 
ing the air with tiny wings,- and breaking the light 
into an the shades of the rainbow, are sporting no 
more. There is not a- chirp in the grass, not a buzz 
in the air, not a hum ever the flowers. The birdd 
of the free air are silent, as if theiilspiration of the 
sky were away. The skylark drops down like a 
stone, to the covert of the clods ; not a bird sings 
from those sprays that erewhile were so sonorous 
as well as so sunny ; and the only sounds that issue 
from the grove are the wood -pigeon n^oaning from 
her tent of leaves, and the owl answfering dismally 
from the hoUpw tree. " The chickweeds, and other 
little plants of delicate texture, fold togethei* their 
leaves; gmd the daisy vails its golden eye, as if both 
were hiding their precious germes from the effects 
of the impending gloom. 

■ But still those temporary al^sences of the sun, 
though they have a gloomy influence upon the merry 
sounds and the gay colours of nature, and thougn 
they drive for a moment the very odours into their 
dells and hollows, or make theih stagnate among the 
sources that produce them, until they cdncentrate 
there into rankness ; there are other parts of nature 



VSa OF THS SHADOW. 189 

that derive relief from the temporary gloom. The 
leaves of the trees, which the Joint action of the light 
jmd heat had caused to.droop,,and if continued would 
have worn out by excessive action and withered in 
premature decay, have the draining of their juices 
suspended, so that without dew or rain they have 
their strength recruited through the vessels of the 
plant, and they stand up and are. ready for new ex- 
ertions; not only in brii^ng the fruits of the passing 
season to maturity, but in preparing the germes from 
which new leaves and flowers and fruits are to be 
evolved by |he suns of' future seasons, when the 
leaves, that are. in the mean time replenished, shs^ 
have fallen and been dissolved ; and the very same 
matter which this year is stinging in the little prickle 
of If nettle, may next year be glowing in a tulip, 
perfuming in a rose, luscious in a peach, or refresh- 
mg to the spirits in a grape. 

Nor is there in the suspended action refreslmient 
only to the leaves of plants, there is a preservation 
of beauty to their flowers. Those agencies of 
matter, whith wei are unable to trace, saving in the 
effects thejr produce; and of which, apart from the 
substances in which those effects are displayed, we 
can obtain no knowledge, are all too mighty for the 
matter on which tl^ey act ; and the samelight which 
ffives us so much pleasure and so much information 
Sirougfa the medium of our eyes may be so concen- 
trated, or its action so long continued, as that it may 
instantly strike the eyes blind in the one case, or 
waste them beyond ul power of recovery in the 
other. V So also the same heat and light, and other 
less perceptible, but not on that account less curious, 
agencies of the sunbeams, which communicate all 
the fine tints to the petals of the flowers, have far 
more intensity than those little pieces of delicately 
formed matter can bear ; and if they are too long or 
too immediately exposed to the direct action of the 
•un, the sunbeams are^ instrumental in destroying 
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those very beauties of which their own action is th6 
cause. Cultivators of auriculas, and tulips, and car- 
nations, and other blooms of the richest tints, are 
aware of that fact, and take precautions against th^r 
consequences. The beds of auricu^S, whose finely 
dusted purples and greens are the admiration of 
their fond cultivators, are matted up; the tulips, 
if their tints aire to be of the most brilliant lustre, 
are shaded with awnings ; and for a similar purpose 
little caps or helmets of paper aire suspended over 
the carnations. Tlius it is not in either extreme of 
the beauty-producing energy that the perfection of 
beauty, either in intensity or in duration, is to be 
found, — there is a fading towards each of them, and 
so the best state — ^the point of maximum^ is 'some- 
where between them, * 

There are few, if any, instances in natnrej in 
which that is not the case ; and the knowledge that 
the case is so is very pleasing and encouraging to 
us, and it shows how admirably nature is fitted for 
our instruction and enjoyment. We cannot reach 
the extreme limit either way, and so if knowledge 
and pleasure had been in the one extreme or the 
other, we could never have hoped to reach either ; 
and thus we should have been dispirited, and have 
slackened in our exertions. Hilt knowing, as we 
always can do, the limits Ijetween which the. per- 
fection must lie, we know and are in possession of 
the field in which we are sure to get it ; and so we 
labour in hope, and if we do it but skilfully and dili- 
gently enough, we are certain of success. 

It is in consequence of this knowledge of the limits 
that we Ht6 able to cultivate the plants and the ani- 
mals, and turn all the productions knd agencies in 
nature to our. purposes. It is thus that men, by 
means of, the observations and discoveries of suc- 
cessive generations, and the applications of those 
discoveries in such a manner as, to make each one 
^n improvement on the one before it, have been able 
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16 cultivate the cereal grasses into the wheat and bar- 
ley whidh are now the bread and the drink of so 
many millions. In the same manner, by cultivating 
the apple, the pear, the peach, the plum, and count- 
less other frui^rwe have been able to turn an ope- 
ration of nature, the natural purpose of which was 
subservient to the maturing of the seed of a plant, 
so much froni the natural purpose of the plant and 
to our own purpose, that the ripening of the seed is 
actually secondary to the growing of a repast for us. 
In all nature, the application Of similar observations 
has produced corre3ponding results ; and in som^ we 
have destroyed the purpose of nature ^together, and 
made the plant wholly our own and for our own 
use, in its living state as well as whenjit is matured 
and fit for our purpose. Many double -flowers, and 
the dahlia in an especial maimer, Mrhichin their natu- 
ral state had only one row of petals, have been so 
much converted into petals by skilful culture, and 
the size and beauty of these have been so much in- 
creased, along with their number, that' the flower has 
really ceased to be a flower, in the natursd sense of 
the word; though it has thereby become one of the 
brightest .ornaments ofoiir gardens. There are 
cases in which we have carried the matter even far- 
ther : we have taught a number of the cHtciferup^ or 
plants with four petals in the flower, arranged like 
the afms of a cross, to linger in the bulbs of their 
stems, their leaves, or their flower-buds, and there 
form stores of provision for us; and we have edu- 
cated some (^ the early varieties of the potato out of 
the habit of bearing dowers altogeth'er, just as we 
have educated other plants out of the habit of ma- 
taring seeds. a All that hasbeeo'done in consequence 
of careful observation of nature ; much of it by ob- 
serving the effects of the sunbeams in their com- 
pound state ; and not a little of that which regards 
colour, by observing the action of tixose beams con- 
sidered merely as light. 
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Sunbeams are indeed wonderful things. It has 
been remarked that we have no means of finding 
out whether they be things at aU or only i^pear- 
ances of Qther - things. * But that dbes not in any 
way lessen either the instruction or the pleasure that 
they gfve us. We can divid/s and subdivide all our 
"something" till they be very small by the line, 
and very light in the balance ; and we cah follow 
the operation mentally tm we lose them all on the 
verge of '"nothing;" and that whether we trace 
backward the real succession in i^ltute, or imagine 
an artificial one of our own. But they do not serve 
and please us the less qi\ that account; so neither is 
light, nor the beauties which light brin^ to reward 
our observation, altered one jot in' their power of 
pleasii^, whether the light be a substance spreading 
over them, tyr merelyppi agency which csuls their 
properties so into ac^bn ieui that we can see the 
results; . : - 

The stmbeam, whe^ divided by passing a smaU 
parcel of'^it through a triangular prism of glass, 
which gives in a smaller space, and therefore with 
greater brightness and perfection, all' the colours 
which are seeh in the rainbow, and which on ia very 
dark cloud, opposite to the sun when nearly setting, 
is almost half a circle and very beautiful, is found 
to l\ave other properties than its bright colours. 
These cannot be found, in the rainbow, for that re- 
cedes as we approach it ; and though the rain-drops 
on the verdure sometimes bring it apparently to our 
very feet, all bur speed cannot come up with it. 
We may follow it into the cloud, biltwe cannot gais 
upon it ; and though th€| cloud seems dark before us, 
the passage of the sunbeams is so easy that we call 
follow the bow till we lose it; and. "chasing the 
rainbow through the shower*^ is Spr once was) a 
summer amus^ement with the hind-boys on the moors, 
who took to the obseirvation of nature^ because they 
had few other aniusementsw 
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When the littte bit of bright rainbo v, or specirump 
as it is called, is examined, it is found that the beam 
of light is bent out of its path, and lengthened in the 
direction in which it is bent; and the parts nearest 
and most distant from the original direction of the 
Ugfat, which bound the length, are the ends, i^d the 
intermediate boundaries the sides. The colours lie 
across it from side to side ; first red, at the nearest 
end, then yellow, and then blue ; but from the red to 
the yellow the colour passes through every imagin- 
able shade of orange ; from yellow to blue, it passes 
through every shade of green ; and the blue fades 
off in brightness till it vanishes in that soft purple 
which (^Kcai< tints the clouds in the evening, and 
sometimes in the morning, and often gives the last 
tint to thexlear sky. 

Now there is most heat in the red end ; that heat 
is greater without, or on die edge of the colouk*, 
thsuk where it is most intense ; and it diminishes as 
the Uae end is approached, so as to be barely, if at 
all, perceptible there. Heai is the grand agent in 
biirmng, the result of which is the union of the whole 
or part of the substance burned with that part of 
the atmospheric air which is called oxygen; and it 
also favours the union of oxygen with substances 
when there is merely heat but no flame. Substances 
which are combined with oxygen are said to be 
ozidiaed ; the red end of the spectrum, which heats 
the most, also oxidizes the most ; and that property 
becomes less and less till the middle is arrived at, 
and there it is not perceptible even by the nicest 
tests. T^at middle is in the green, just about that 
shade of it which we eall grass-green, and seen in 
a well-kei^ lawn of fine forest grasses. At the blue 
or most distant end, there is a property the very 
opposite of that at the red ; and, like the former, 
it 18 strongest without, or at the edge of the colour, 
and it becomes less and less, till where the gr^en is 
reai^wd it is as imperceptible as that which begins 
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at the red end. The prt)perty which begins at the 
blue end hinders oxidation, and in some cases re^ 
stores oxidized bodies to their former state. 

When vegetables are in a state of vigorous and 
healthy action, they absorb or drink up the red rays 
of the fiun's light, and return the green to the eye ;* 
and the red light, or that invisible oxidizing agency > 
which accompanies the red end of the spectrum, 
facilitates the combination of the oxygen of the 
atmosphere with the surplus carbon of the plants, and 
also forms the acid juice of unripe fruits; while 
when they decay, and the oxidation ceases, they 
give out the yellow'or the red rays, or the russety 
and brown tints, which are various mixtures of red, 
yellow, and green. Fruits too, which are almost ail 
greep in their growing states, receive the yellows and 
reds, and sometimes pass into black, or absorb the 
entire light, get very ^eet and mellow, and soon 
decay. Coe's golden drop, or any of the pkims 
which ripen to a golden orange, spotted with red, 
are so far instances oF; the progress of this action 
of light upon fruits — or of fruits upon Hght. While 
green they are very austere ; but as the green fades 
into yellow, the austerity diminishes ; and when they 
begin to be spotted with red, they have little or no 
austerity. These changes are not, however, uni- 
versal, o^" even general; for many of the sweetest 
fruits that we have are green when they are ripe, 
and red vegetables are often the sourest of their 
class : so that, though the light may be the agent in 
these cases, its action is modified by the nature of 
the plant ; and it may return the red rays from being 
already saturated with, and as well as from ceasing 
to elaborate, acid juice. 

The philosophy of light is, however, a very ob- 
scure and imperfect philosophy; and there are not 
many parts of knowledge in which theories are morie 
likely to lead us wrong. The observation of. it has 
the advantage of being, perhapsy the most pleasing 
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and certainly the easiest of all observation: and 
thlis, with a knowledge of some of the best known 
and most obvious principles, any man who chooses 
may derive his full measure of enjoyment from it. 
Cloud or no cloud, the light on the scene changes 
its appearance every hour ; and there is a gradual 
change throughout the seasons. In the spring, the 
red and the oxydizing heat, as well as the fading of 
the blue into the violet tints, and the deoxydizing 
energy of that end of the spectrum, are busily at 
work in bringing forward all the young leaves of the 
year ; so that the yellow and the "blue are sent back 
to refresh the eye with the lovely green — the indi- 
cator of the greatest action in the majority of vege- 
tables. Thus, when the plants of the season and 
the aniiual shoots of the trees have attained t;heir 
full size, and the seeds of the future successions are 
about to be prepared, the oxydizing action becomes 
less in the delicate texture of the flowers ; and most 
of their petals absorb chiefly either the yellow or 
the blue, so that they seldom give back the green. 
The colours approximate to the golden yfeUow, the 
orange, and the intense red, in proportion to the 
warmth of the climate and the year, and also to the 
advanced heat of the season. Few early plantis 
have red flowers,, though some of them are tinted 
with pink. In cold places, also, there are not manjf 
of the iowers red, while the little ones on the stony 
and warm moors, even at considerable elevations, 
are of that colour. Tropical vegetation, on the 
other hand, is rich in scarlet and gold, and the tints 
of the flower^ of early autumn ara the richest in 
the whole season. Autumn is rich in hues for a 
while ; . but thiey are, like the hectic flush on the 
cheeks^f the consumptive, the signs of dissolution, 
and when they have passed the dingy hue of winter 
is put on. In the northern regions, the snow serves 
as a mantle to cover the earth, and suspends all 
actioa between its surface and the sun, while the 
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days are short, and the few hours of mid-day sun 
would only rouse the energies of vegetation f<t a 
little, to be destroyed by the rigour of the tong night. 
But though the light and heat are thus, at those timea* 
in those places, excluded from contact with the 
earth,«nd action upon its vegetable productions, they 
are not lost. The white surface sends them up- 
wards to warm the air ; and as there is little evapo- 
ration there, and little vapour in the sky to absorb 
the heat, the atmosphere maintains a far more com*> 
fortable temperature than one would be led to sup- 
pose. Thus, in every place, and at every season, 
there is something in nature to compensate man for 
what the inhabitants of other countries regard as his 
privations. 

Heat is still more wonderful than even liffht, won- 
derful as that is, and abundant as are the information 
and the pleasure which we derive from it. Like 
light, we never can find heat alone ; for as Uffht 19 
only perceived when something-lightens or is light- 
ened ; 80 we become conscious of the existence of 
heat only when something heats or is heated. Thus, 
as we never can by any process in nature, or any 
experiment that we can perform artificially, obtain 
any knowledge either of light or of heat as a dis- 
tinct substance, or even as a material and measure- 
able part of any substance, we cannot know Bnf 
thing further of either than as a property of those 
substances in which we perceive its effects. To 
speak of the properties either of light or heat is an 
absurdity, because we know light and heat themselves 
only as properties ; and therefore all their connt- 
less variations are variations only in degree ; and 
as no property can be the measure of another prop- 
erty in the same way that one weight is the measure 
of other weights, or one length the measure of other 
lengths, theie is no standard to which we can brings 
either light or heat, except we make some degree 
of each which we find constant, as dismayed in some 
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rabstance, the measure of the other's degrees. The 
▼aliations of light are so very delicate in themselves, 
tod they are so much confused by the variations of 
colour, that it is scarcely possible to obtain any con- 
trivance by which light can be made the measure 
even of itself. 

' Various instruments called photometers, that is, 
"light measures," have been invented by. ingenious 
men ; but the majority, if not the whole of these, 
are affected by, and therefore measure heat, and not 
light ; and thus they are, in truth, thermometers, or 
beat;mea8ures of more nice construction and greater 
sensibility than the common ones. 

It is, indeed, exceedingly difficult even to contem- 
plate light without having the notion of heat along 
with it ; and, indeed, we have not much knowledge of 
especially great degrees of heat, without light sJong 
with it. In poetical language it is not uncommon 
to speak of " the wan cold moon," and " the cold 
moonbeams ;" and there is truth as well as poetry 
in those expressions. It has been mentioned that 
the red rays of the sun penetrate the most readily 
into the substances on which they fall; and the 
greatest heat, which is at the red end of the spec- 
trum, penetrates still more readily than the red rays. 
Now, our moonlight really comes from the sun, and 
16 reflected to us from the surface of the moon, just 
as we can throw light into a dark room by a mirror, 
or by whitewashing a wall opposite the door on 
which light can fall. Now the heat of the sun's 
light, and also the greater part of the red rays, enter 
into and are absorbed by the moon ; and thus moon- 
light wants the golden brightness of the direct rays 
of the sun, and is in consequence silvery, and has a 
Httle of a bluish tint in it. 

This " soft moonlight," not only delightfully varies 
the months with its waxing, its fulness, its waning, 
and its extinction, and not only gives us landscapes 
<k new and softened tone, which it would be alto- 

MS 
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gether impossible to obtain by any inodification of 
tiie sun's direct light, but it answers many ot(Ker 
important purposes in the economy of nature* 
When the sky is darkened wjth clouds, even to th« 
deepest gloom of a close November day, and over 
the black earth or th^ barren moor, which drinks up 
adl that falls upon it, the little fragment of solar ligh^ 
that glimmers by countless refractions and zigzags 
through the little drops that compose the thick 
clouds, has no resemblance whatever to moonlight. 
The fact is, that those little drops decompose 
the light, as well as retain and reflect back again a 
considerable portion of it ; and the. light which 
reaches the earth at th«se times is a tniUe of little 
rainbows, each probably not so broad as a spider'B 
thread, in which one colour so falls upon and blots 
another that the compound has hardly any colour 
at all. 

We know httle of those matters; but as dry air 
is as perfect a non-conductor of electricity as dry 
glass, it is exceedingly probable that when clou<u 
arrive at a certain degree of density, they actually 
extract their own lightning out of the sunbeams; 
and that that which gleams and strikes, and makes 
air strike against air with as loud a sound as if rock 
were dashed against rock, or mountain against 
mountain, is nothing more than the red light, and the 
heating and oxidizing rays of the sun, collected by the 
minute drops of water, and tempered by one of oiose 
curious processes in Nature's chymistry Which hu- 
man skill cannot imitate. 

The subject is one upon which it is altogether 
impossible to have experimental information ; bat 
as thunder and lightning are aipong the most striiung* 
and, according to circumstances, among the most 
sublime, and even the most terrific of natural ap- 
pearances, it is altogether impossible to observe 
nature without speculating about them ; besides, the 
^countries where there is the ^eatest heat and the 
warmest seasons are those in which tiiere is most 
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thunder. Thunder-storms are also most Tlolent, or 
rather one should say grandest, when the clouds 
are formed in an atmosphere which has for a 
considerable time previously been dry as well aa 
warm. We see that in our own country. We have 
often violent thunder-storms, with show^ of very 
abort duration, and very local and limit^ in their 
range; we have also thunder-storms at th^ com- 
mencement of broken and rainy weather ; but when 
the rain fairly sets in, and extends over a large tract 
of country, it lightens and thunders no more. In 
tropical countries, where there are seasonal winds, 
or monsoons, some dry from the land, and others 
moist from the sea, the hghtning and thunder at the 
commencement of the rainy monsoon are often, and 
indeed generally, absolutely terrific. When the 
south-west monsoon sets in upon the west coast of 
India, and is directed upward by the ridge of moun* 
tains that skirts that shore, the strife between it and 
the warm and dry air over the Balaghaut country 
above the mountains, is terribly sublime. . It lightens 
as though the air were ten thousand furnaces ; all 
the artiflery in the world would be but as an infant's 
cry to the thunder ; and the rain falls so fast, and 
so consolidated, that the trees are broken or up- 
rooted like dried stubble, and the rocks scattered 
about as if they were pebbles. In some parts of 
South America, where the plains are parched up by 
the summer heat, and the snowy summits of the 
Andes are at no very great distance, the thunder- 
storms are said to be even more violent ; and in troiMi- 
cal, and even in southern Africa, their violence is 
equal, if not greater. 

That thunder-storms occur during the night is 
00 argun^ent against their formation by the action 
of the light and heat of the sun ; and the close con- 
nexion between them and heat and ^ght is proved 
by the facf that lightnings very generally accompany 
the i^moke of volcanoes, and are the more brilliant 
tiie more violentlythe fire sages in these* Indt- 
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pendently of faint flashes of lightning not beiny so 
well seen in moonlight as when there is none, it is 
matter of common observation that it lightens less 
on moonlight nights than at other times, even ad- 
mitting the general state of the earth and the air to 
be the saf^e. That is a further conflrhiation of the 
very intimate connexion there is, not only between 
solar light and lightning, but between the red and 
heathig rays of light and that phenomenon ; and it 
is probable that the moonbeams, consisting chiefly 
of the middle and other end of the spectrum, take 
the quality of lightning out of the clouds, or of the 
moisture that is floating invisibly in the air. Ex- 
periment increases the probability of that ; because 
the artificial lightning that can be excited by pecu- 
liar combinations and actions of substances, and of 
which electricity, galvanism, and magnetism are tHe 
modifications with which we are best acquainted, 
has always two poles, the one of which has a rela- 
tion to oxidizing and producing colour, and the other 
an opposite relation. 

And we can observe a very beautiful instance of 
that in the beams of the moon. These, as has been 
Said, contain little of the red or the heating rays; 
and it is well known how very eflicient moonlight 
is in performing those operations which are more 
immediately performed by the rays towards the de- 
oxidizing end of the spectrum. Every housewift 
knows how nicely her linen is whitened if she can 
leave it out during the moonlight ; and many know 
that muslins which the sun would render yellow or 
brown can be preserved as white as snow if drie4 
by the light of the moon. Every farmer, too, that 
takes notice (and surely the most unobserving far- 
mers watch the progress of their crops), must have 
observed how very rapidly the moonlight, not merely 
whitens, but actually matures and ri|»ens his corn. 
In that respect, one fine moonlight night is equal to 
^t least two days of sunshine; and that cir«um- 
sfttnce, while it lets us see that moonlight has othet 
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qualities besides poetical beauty, tells as, that Na* 
ture is a whole, and that the parts which we woakl 
suppose to be the most distant and unconnected 
yet co-operate with each other in the most perfect 
and wonderful manner. 

In consequence of that obliquity in the earth** 
path round tne sun which gives summer and winter 
alternately to the two hemispheres, and a regular 
succession of the four seasons to all the temperate 
latitudes, and in consequence of an additional oW» 
quity in the mpbh's path round the earth, the fall 
moon rises Just at sunset for about aweek together. 
That taices place during the harvest ; its mean sea^ 
son being about the twenty-second of September, 
and the middle of it never more than fifteen days 
sooner or later than that. That is called tiie bar* 
vest moon, and though in the early districts, where 
there is plenty of solar action to ripen the crops, it 
be not much heeded, it is very beneficial in the cold 
districts ; and as the obliquity to which it is owing in- 
creases as the latitude increases, the harvest moon 
continues for the greatest number of nights in the 
cold climates. Thus we see how far the influence 
of what we would deem a simple cause extends in 
the operations of nature, and how well that which 
our ignorance is apt to rec^ard as a disadvantage 
works for our good. Indeed, there is not an object 
or an occurrence in nature which has not its use, 
if we would but look for it ; and it is just because we 
are ignorant of the uses of little things that we fail 
in the- execution of great ones. 

It is in the perceiving of these connexions which 
appear remote and unexpected, that men who com* 
bme science and observation together have so much 
the advantage of mere men of science or mere sur- 
face observers. One would not at first suppose that 
the study of thft mere motions of the earth and moon, 
and the fact that the light of the moon is a secondary 
or Inflected light, had any thing to do with tm 
whitening of Imen or the ripening of com ; and yet 



143 MOONLIGHT IN DIFFERENT LATITUDES. 

the two are a^ closely connected as if they were 
]>art8 of one single process. That should teach us 
not to pass any one thing or occufrence unobserved, 
or any one observation without reflecting on it ; be* 
cause there is knowledge in them all ; and, at a time 
when we -may have no means of obtaining it, we 
may be greatly at a loss for that very knowledge 
which we pass ov^ unheeded. 
. There is another circumstance connected with 
moonlight which is worthy of notice, and that is, 
that where there is least sunshine there is most 
moonlight. The full moon is not always directly 
opposite to the sun, but sometimes a little higher 
and sometimes a little lower than the point oppo- 
site, but directly opposite is the average place of the 
full moon ; and thus the full moon is, on the average, 
just as long above the horizon and shining, as the 
sun is below it and set; and if the sun is high at 
noon, the moon is low at midnight ; also, if the mid- 
day sun is low, the midnight moon is correspondingly 
high. The influence, or action of the light, both of 
the sun and the moon, is in proportion to the length 
of time that they shine, and also to their height 
above the horizon ; and thus, during winter, there 
is the greatest duration as well as the greatest 
strength of moonUght; and always as one goeg^into 
a higher latitude, the winter full moons shine longer 
and more brightly. The Lapland moon is an objeet 
far more beautiful than they who live in more genial 
climates and have the atmosphere loaded with va* 
pour can easily imagine. The intense frost there 
sends down every particle of water in a state of 
finely powdered snow, each little piece as hard and 
bright as rock crystal; and the strong power of 
crystalUzation so holds the particles of those little 
pieces together, that even when there is a glimmer 
of midday sun, that produces no vap^hr. The win- 
ter sky is in consequence perfectly pure, dry, and 
transparent. No sapphire can rival the depth of its 
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blue; every star blazes like a diamond; and the 
Kght of the moon, of which every particle is sent 
down through the pure air, well deserves Milton's 
epithet of " peerless." It is so bright and silvery, 
and so gratifying, without being the least painfiQ to 
the eye, that it is probably the most glorious sight 
in nature. But it can be seen only at some distance 
from the unfrozen sea, and the collected habitations 
of men, as there is always some action in the atmo^ 
sphere at such plaY;es. 

Moonlight is not the only instance that we have 
of cold light ; for the first beginnings of flame, in sub- 
stances that are easily kindled, and also the last 
glimmers of smouldering fires, are cold and blue as 
compared with the light of vigorous combustion. 
That may be seen in the lighting of a common 
match,»the. flame of the easily burnt sulphur on which 
is cold and blue in comparison with the flame after 
it has reached the splinter of wood. Phosphorus, 
and also those substances which give but lights that 
are called phosphorescent, are 2dso cold and blue. 
One of tjie most remarkable of these is the iqnis 
FATuus,^ or ^* Lantern Jack," which floats over 
marshy places, and in all, probability, consist^ of 
hydrogen gas combined with phosphorus jand sul- 
phur^ which, being exceedingly inflammable, may be 
'set on fire by the friction of the air in a breeze 'too 
gentle for agitating the branches or rustling : thfe 
leaves. The motion of a human being through an 
atmosphere strongly impregnated with those highly 
inflammable gnses, may be sufficient to produqera 
train of the cold blue flame. It is from the decom- 
position of animal and vegetable matter that those 
gases are produced. The quantity of small ani- 
mals— chiefly of the insect tribes, that are continu- 
ally perishing in marshes — ^by falling from th^ir 
island-habitati^s in their nishes and reeds into th^ 
water between, is much greater than would readily 
be supposed; and when those waters are shallow, 
9nd the air and light in consequence act pa^^rdUUflr 
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upon tbem, there are materials and metns enou^ 
for the production of ten timea the number of igitu 
fatm that e»er were observed. Church-yards are 
T«ty favourable for their appearance ; and hence 
wcwably the reason why they have been aasociated 
with spirils, and considered objects of terror, while 
they are in themselves not only perfectly harmleM, 
but exceedingly beautiful, especially when s«eii in 
Vmely places and through between trees. 




In tropical conntries, where the action of the sun 
ia mote powerful during the day, and longer bis- 
pended during the night ttian with us, and where 
consequently Doth growth and decomposition go on 
much more rapidly, those airy meteors of the night 
ate much more common than they are with us. 
They are more common at sea too than they are <»i 
Iwd ; though there they seldom rise above the sur- 
twx wdesa the water ia agitated. But when that is 
4one, ih certain atatea of the weather, namely, after 
long cahns, when the water has notHieen much dis- 
tmbed, there is a ripple of Ught at the bows of the 
raaeUand her wake bears some resemblance to the 
tail of a comet Every ^plaah of the oara flings 



radiance and'B hand skilfully dipped in the water fti^ 
pears to be kindling. There 'seems little reason to 
doubt that all those lights are produced by decom- 
position, whether of the ultimatedeBtruciion of dead 
animals or of the aeparation of wasle in living ones ; 
and that they are nothing more than some of the 
highly inflammable gaseous compound^ kindled t^ 
tlie friction of motion. That they do exist in living 
animals is seen ' in the rarioua species of firefliesy 
which in some parts of the tropkal countries make 
the evening sky as btilliant as tf the whole heavens 
were hung- with countless myriads of rittlplamps, 
sod all those lamps were dancing in mazes of incea- 
aant motion. We have no luminous flying insect in 
this country t but the female glow-worm, which is 
not uncommon under hedges in the wanner places 
of England, and at the warm season of the year, 
emits a beautiful bluish white light, which appears 
mnch brighteriuconsequenceof the dark and shady 
jdaces in which it is seen. The male of the glow- 
worm is a wing^ed insect, which flies Low in tb« 
evudngs, but emits no light. 
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But we must just notice one or two of fhpse ef» 
fects of heat which are not so obviously connected 
with the display of light i for though we should 
continue to write, and read, and observe till the light 
of our own eyes were extingished, we should be no 
more near the end of the beautiful subject of light 
than we are at this moment. 

The most general and most active property of 
heat is that of overcoming tl^e cohesion cyf the parts 
of substances; and thus softening them, and ex- 
panding them into more bulk ok* dpace. It acts with 
very different degrees both Of rapidity and Of energy 
in different substances ; but it is probable that there » 
no substance that could not be melted, and after that 
changed into air or vapour, by a sufficient ^gree^ of 
heat applied under proper circmnstanoes. Some of 
those substances which we csdl simple, because we 
have not been able to find more than one ingredient 
in them, cannot be melted into liquids in the open 
air. The diamond is one of these ; but though the 
diamond, cannot be melted, it can be burnt, or re- 
duced whollvto vapour ; and there is no doiibt that» 
if sufScient, heat were ampUed to it under sufficient 

Eressmre, it might be made as. liquid as water. Mar- 
ie, or hmestone, or cjialk, or shells, when burnt in 
the open air, give out the very same kind pf air into 
which the diamond isf converted by burning, and the 
lime (for it is lime in theip all) remains and falls to 
powder when water is sprinkled oh^it. flut marble 
and chalk, even when^ in powder, have- been artifi- 
cially melted by heat tmder pressure,, and have been 
80 completely nieVted that in coolihg they formed 
into crystals of the very same figure as those which 
the same compound of lime naturally assumes in 
the rock. NOr is there any doubt that any sub- 
stance whatever might be melted by a similar mode 
of treatment. . . . 

Heat is thus the grand instrument in perhaps v31 
the operations of nature ; folr bur not being sensible 
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of it is no proof that it is not there, any more than 
our ignorance of any other truth is. a contradiction 
of that. The different susceptibilities of different 
substances to heat are the means by which almost 
every change is performed, not only in nature but 
in the arts ; and even when we cut wood with a 
knife, or grind iron upon a stone, .it is by no means 
improbable that we effect our purpose chiefly, if not 
wholly, through the instrumentality of heat. When 
we work hard, the to61 gets heated in its whole sub- 
stance ; and when a blacksmith has no other means 
of lighting his forge, he has only to hammer a piece 
of iron on the anvU till it be red-hot, and thrust it 
into the coals, «nd he instantly has a fire. Even 
"When we move our bodies the parts moved become 
heated, nor can we get any instance in which mo- 
tioii is not accamt)anied by heat, and heat by motion ; 
and if there be enough of heat^ there is light along 
with it. Sometimes indeed we are sensible of thei 
one of these, and not of the other two ; and some- 
times we ar^ sensible of any two of the three, and 
not of the remaining one \ but though, in all cases, 
bur senses are our evidence of that which they do 
reveal to us, they can in no instance be evidence 
of that which they do not reveal^ 

The general Action of heat, both in nature and in 
art, is thua to s^arate the particles of simple bodies, 
and the parts of compound t)nes ; and there can be 
no separation without motion, whether that motion 
be such as we can divide in succession, and by that 
means observe, or not. 

In bodieS' which are simple, or in compounds the 

garts of which are equally sensible to the action of 
eat, heat merely softens, meltd, and converts into 
vapour. 9ut the heat does not proceed uniformly 
in its action : there is one point at which the sub- 
stance becomes liquid, and another at which it passes 
into the ^tate -of air or vapour ; and in each of its 
ibiee states it can^ generaUy speakiiig, bear ft cer- 
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tain- range : though there are cases in which the 
mating and the passing into vapour foIlQw each 
other so very rapidly that the process of melting is 
not usually observed. 

It is, equally probable that in every motion what- 
ever, even in the most gentle an^ cool that it is pos- 
siUe for us tonmagine, there are the elements both 
of sensal heat and of visible light ; but that these only 
become apparent when^ there are certain degrees of 
resistance to the motion. Two.pieces of dry wood, 
rubbed against ^each other, soon become heated, and 
they are not very^ long in taking iir6, and burning 
with light. But they do not heat so soon if they are 
wetted^ or covered with oil^ or with any ^ing elde 
that lessens the Tesistance they have to the motion. 
We feel the sam^ truth in our own bodies. . When 
all the systems of vessels in which the blood and 
other fluids circulate or move are in a healthy state, 
we feel no sense of heat from the various motions, 
though all of them are continual, and many of them 
are rapid ; but when any part is so diseased as that 
the motion is, resisted^ we then feel heat as well as 
pain : and if the diseasb is only a whitlow, or some- 
thing of an equally local nature, we feel i^e psort; as 
hot as if it were burning; and the'fe^ljing is hot a 
merely inWard feeling, like that of pain, it is an actual 
increase of temperature, whick we can discover by 
the liealthy hand, or measure by the thermometer, 
just in the same way as if it had been communicated 
by holding the part neai^ to a common fire. In cases 
of fever, the sense of heat is general all over the 
body, and it too is discoverable by the touch of an- . 
other person or by the thermometer. 

In all these cases it is resistance to motion that 
causes the heat to appear ; and the heat is sdways 
in proportion to.th^ motion and the resistance 
jointly. Local inflammation, such as that of wfait- 
Jows, is most common;: in young persons, in whom 
li^e circulation is quick ; and f^ver^ is more sevew 
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"and burning in the robust than in the weak. Some 
«pecie» of feveraindeed have cold and shivering fits ; 
but these are occasioned by the motion, as it were, 
shrinking back from the resistance, and the pulse 
languishes during them, just as it does in fainting. 
The fire of life smoulders, as it were, at those times; 
and if they continue too. long the resistance is con- 
solidated and the system will not react, but the pa- 
tient "goes 9ff in a fit." That part of the subject 
is, however, very nice ; and it requires to be treated 
with a little more of general philosophy than has 
yet been bestowed upon it, notwithstanding the 
number of able ~^and eminent men by i^hom it has 
been treated. 

. Whether it is in the living body or in any other 
Idnd of matter, in any state where there is no resist- 
ance to motioiiHhere is no production (as we call it) 
of heat; that is, there is no heat which becomes 
setisible either to the touch of the human hand pr to 
any bther test. Different kinds of matter resist dif- 
ferently, according to the nature of the cohesionsr 
by which they are held together. Thus, some of 
the compound metals melt in the palm of a healthy 
pereon's hand, while platinum* is stubborn in even 
the hottest common furnace. Some too, such as 
arsenic, pass, into vapour the instant that they are 
melted ; whUe others, such as gold, melt at a tem- 
perature not very high, but if pure can hardly be 
changed into vapoiir by any ordinary heat. ^ 

The cohesion of matter resists -the motion of its 
p^icles yrcmi each other, which is the effect that 
the heat in all ciEises tends to. produce, and which if 
urged far enough it in evety case actually does pro- 
duce. As there is no power of ihete adhesion be- 
tween mass and mass, mechanically united, how 
small and hotv close soever the masses may be, 
which can resist the force of crystallization between 
the ^ultimate atoms of the same kind of matter; so 
isiso there is no power of crystallization that eaa 
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ultimately resist the force or action of heat, It is 
heat, indeed, which holds those powers of crystalli- 
zation in restraint, ^and allows compounds to t)e 
formed, and vegetabtes to grow, and animals to liye ; 
and were it not for the mysterious motion of h^at^ 
which, for aught we know, may all. have been ori- 
ginally produced by the simbeams, the earth wOuld 
not only be plantless and tenantleiss ; but earth, and^ 
sea, and sky would be reduced to one mass of crys- 
tals, probably /to one .crystal, and that crystal so 
small, and so near the verge of that mysterious 
nothing out of which Almighty power and goodness 
evolved all the worlds in all^heir viariety and in all 
their beauty, that it might escape the s€!iises,and we 
might be altogether unconscious of its existence. 
With God ail things are possible, and in his sight 
there is^ no miracles Larg^ as is the eMh^ vast as 
is l^e solar system, boundless as are those systems 
of which the suns are the stars of ouic ^y^ and inde- 
scribably distant as they glide off into the depths of 
space, and set at naught the eye and mock the tele- 
scope, they, in their, to u^, innumerable multitude 
Bnd incomprehensible variety, are^ in his sight less 
than/ the "small dust of the balance;" and howso- 
ever they may seem to change appearances, they all 
obey the pne.commandment^-the sii^le creative 
£at. When we glance back to the nrst stage of 
creation's history, which it is consistent with finite 
tninds to comprehend, weight and measure, time and 
space ^adually melt from our view, and we fe^l as 
if all nature were converging into one single point, 
and that on^ more- look would reveal to us the first, 
the immaterial spring which was touched by the 
Almighty hand, in wh^t was no time and yet in- 
cluded all time, and in what was no space, and yet 
included all space. But the fhuity of fiesh is in the 
eye, the dimness, of matter is upon it, and we cannot 
see. Yet here we can infer that the " glory to be 
ravealed" «hall as far .exceed all the gloiies of all the 
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inaterial works of Grod as the incomprehensible 
universe exceeds the stretch of the human hand, 
though we cannot push our analysis any flurther 
than observation and rational inference Would bear 
us out ; and thus cannot approach either the infi* 
nitely grreat or the infinitely smaU, so near as to 
have even a^conceptibn of them further than, that 
they can diner from each other as material things 
differ ; and thai any or bpth are perfectly capably of 
Coexisting- with an infinitude of knowledge — ^know- 
ledge or intdUiigence, which is one and indivisible in 
its essence, but of which the manifestations can 
have no limit, and which cannot be divided in any 
other way than through its manifestations, either in 
space or in time. 

; There are many places of the. world where, if a 
stranger were to come at certain seasons, he would 
never imagine4hat the fields would be clothed with 
Vegetation. A native of the green^ savannas of 
America, coming to Ehglahd in winter^ or after the 
fields were pl9u^hed and the^seeds sown and covered, 
would think it mockery if he were to be told that it 
was fh>m these tilack wastes that the' people of 
England reaped their bread. So ailso if one pnac- 
quainted with the changes of the seasons trod the 
snows and the mountains when these lay deep and 
hard so that not even the top of the highest bush 
appeared, he wQuld regard it as mockery if he were 
to be asked to come back again in six months to be 
feasted with delicious berries. And there are other 
cases much more mysterious to unthinking obser- 
vers than these. The endless variety of fungi, and 
lichens, and moidds, and other plants, many of which 
have their seeds too small for the eye or even^the 
microscope ; and the entire plants of many of the 
species are too small for the microscope even taken 
as wholes, are yet always found whenever circum- 
stances are favourable for their production.' The 
waste of the yev, the refuse and nibhiah that hav« 
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been left after the other tribes have performed their 
annual renovation, is the food of those singular 
vegetables; and whenever disease comes upon the 
vegetable structure, and even when a certain stage 
of corruption is arrived at in the animal, those cryp- 
togdmea, or plants of hidden production, fail not to 
appear, and to perform their functions. Nor is there 
the least doubt that those little things, and many of 
them are probably as mbmentary in their duration 
as they are minute in their size, >are'as faithful to 
the decree of their kind, and that the .inysterious 
action in ^hem, to which we give the name of vege- 
table life, is as true to its temperature and its hu« 
midity, and as stropg against the resistance of. 
merely dead matter, as in the most stately oaks of 
England, or in those giant pines which wave their 
spiry tops in mid-heaven on the western shores of 
North An^erica. , . - 

The tendency of heat is, as has been said, always 
to separate the particles of substances; but it was 
already mentioned that all of what we call ''the 
pj^nciples of things^' admit of a certain play, or 
nave, as it were, an extent to which they can be bent 
CT driven, and yet recover themselves, if that which 
bent or drove them is withdrawn. A how ^ is no 
bad illustration here; because the elasticity of the 
bow is an instance of one of those very powers. 
Now when the skilful archer benda his bow, it puUs 
the string to a periectly 4straight line ; then when he 
grasps the bow with his left hand, sets the arrow 
upon the string, holds the string on the fingers ^f his 
right hand like hooks^ that. arm being doubled back 
into that position in which it can besur the greatest 
strain witnout moving, which is when the bent fin- 
gers are a very little behind and under. the right ear; 
tiien if he stretches his left arm with proper skill 
and' rapidity, and so plunges the whole mass of his 
body and the whole effect of its velocity into the 
bow, the elastiqity of ttie bow gives way, and *^th^ 



ACTION OV HEAT. 153 

cloth-yard shaft*' is drawn to the head. But if the 
bow is " made of a trusty-tree'' not a jot of its elas- 
ticity is destroyed, but the more vigorously it is 
drawn, the more it accumulates ; and if the bowman 
dips his fingers a^ the yery instant of his utmost 
stretchy the returning- bow s^nds the arrOw in per- 
fect silence through the air fleeter th^ an eagle. 
If, however, the bow were too small for the man, he 
could draw it either till it broke or till its substance 
w^re so much injuretl.that it would not spring; and 
if it were made of brittle wood,ror of a j^iant osier 
twig, it* might be overcome by the strength of a 
child. 

It is the same with matter in resisting, heat : in 
some kinds of mattervthere is much resistance, and 
in othe^ kinds there is little; but there is none in 
whidi thdre is not some resistance; and there is 
perhaps no substam^e that becomes sensibly hot to 
the full extent of the heat applied to it, bqt shifts its 
bulk^ of course insensibly, by the very slightest va- 
riations of temperature ; when, however, the resist- 
ance of the substance is overcome, and there is no 
other opposition to the motion produced by the heat, 
BO more sensible heat is shown ; though it continues 
to drive off the particles of the substance until, if it 
be in the free air, they are dissipated through that, 
and the object is lost to the senses, excep^t indeed 
the viewless and toucMess particles remain to bid 
adieu to the sense of smelling; and it is not a little 
curious that that sense^ which has much less appa- 
rent connexion with external things than some of the 
other senses, should yet be, in many instances, the 
first to find things, and the last to lose them. 

After the power of heat )ias overcome that of 
cohesion in &e heated substance, sO as that sub- 
stance would spread in vapour through the thin air, 
thi9 heat instantly oommences its attack upon* the 
Teasel, or whatever eise confines the matter which 
it has overcome, and subdued to its purpose. Tbm 
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general principle' in this has been ahieady noticed 
and illustrated at some length in the case of water, 
but there are still more magnificent displays of the 
triumph of heat over matter, which take place on 
the great scale. Volcanoes, whether under the diy 
land or the sea, ^ instances of that kind Of action, 
and so also are earthquakes ; and the chief difference 
between these is, thatdii the volcano the heat driven 
the expanding matters through one apertmre, while 
in the case of the earthquake, the escape is by one 
rent or many rents. The difference^ between the 
eruption of the volcaiio and the shock of the earth- 
quake very much resembles that between shots 
which "blowout" with' a loud report and shots that 
smoulder, iii the blasting of xocks. 

.The shot with the loud report may raise a few 
fragments, and send them to a considerable distance, 
but it is the smouldering shot that tears the rock to 
pieces. Just so the volcano may raise to the sum- 
mit of the loftiest ipountain, from a great depth in 
the earth, a vast mass of materials, and according as 
those materials may happen to be, it may pour over 
the mountain, and even over the surrounding conn- 
try, a deluge of boiling water, or ^boiling mud ; or it 
may cast red-hot stones and cinders, and volley 
masses the size of little hills, red-hot, to great ele- 
vations in the air^ from which they may descend 
with crs^hes like thunder ; it may turn day into night 
by clouds of ashes in the air, and those clouds may 
fail (as they have fallen) upon cities, and bury them 
and all their inhabitants, or they may be wafted 
across the seais and produce, disease and famine in 
other countries ; or the fountain may give a speci- 
men of the Hnode M which nature can play the 
founder, an4 after' the most stubborn strata of the 
earth have been molten, the fiery flood may be 
poured from the mighty ciiiicible, roU down the slope, 
and proceed over the country, tumbling and curdling; 
^d creeping .more and. more slowiy ; but still sa 
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^terrible in its heat that all the vegetation is on fire, 
and the abodes of mankind crumbling into powder at 
a considerable distance before its march of terrific 
desolation. So also, if it is situated under the sea, 
no matter for the depth, let there be but heat enough, 
and the substance which opposes that will be sent 
burning to the atmosphere, although the very depth 
of mid-ocean lie between. Indeed, the water tends 
in two ways to facilitate the ascent of the submarine 
volcano. First, it (Consolidates the external crust 
by cooling it, and thus prevents the spread of the 
matter over the 'bottom ; and, in the second place, 
as water presses in proportion to the depth, and 
presses equally in all directions, the pressure on the 
topof any mass is less than the pressure upon an 
equal portion on one of the- sides. . Thus, there is a 
considelrable resemblance between the ascent of a 
volcanic column through the water of th/e sea, and 
thO' ascent of a column "of -smoke through the air; 
and sp, by means of the cooling influence and pres- 
sure of the water acting joinUy, buildings may be 
erected there far more. gigantic than any which man, 
or any power of nature with which we are ac- 
quainted, could erect upon the land: 

Those who look at the productions of nature, 
ivithout taddng nature's powers of producing into 
the account, are ^ the habit of considering it a very 
marvellous thing to fi^d shells and other productions 
which are not only of the sea, but of the very depths' 
of the sea, near the sunmiits of some of the loftiest 
mountains on the surface of the earth ; but truly it 
it is difficult to imagine how the case oould be other- 
wise ; for there is nowhere on the globe an apparatus 
in which great mountains could be manufactured, but 
just the great oceSLn; and it is very likely that so 
much of the earth's surface is covered with the 
ocean just in order that those powers witlr which 
the Almighty has endowed matter for the accom- 
plishment of his pleasure, and which, measureless 
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as they ar(9 in their intensity, and majestic in their 
effects, may have room and scope enough foir mak- 
ing great mountains. ^ 

It is true that considerable portions of matter are 
thrown up at a few points by volcanoes on the land; 
but still it is doubtful whether any one mountain ha^ 
ever added permanently to its height by that means'. 
The present Vesuvius is to observation a. volcanic 
pile, but it 1? surrounded by the remains of a former 
^Uid loftiermountain, the sumnjiit of which has fallen 
in after the former volcano has excavated the inte- 
rior. We knbw, too, that when the connexion of 
volcanoes with the sea is cut off, the volcanoes be* 
come stiU and cool by slow degrees. . 

Thus we can see,, as the power of heat Has really 
no material iimit, how it can work, in successive 
exhaustions and renovations, the continents and the 
oceans, just as in revolving seasohs it renews the 
plants and the animals, and just as in the reciprocal 
actions pf containing vessels an4 contained fluids, it 
repairs the. waste of plants and animals by succes- 
sive assimilations of nourishment. This heat,<we' 
have already seen, is, even in the Strength of its 
workings not a thing that wpuld measure. one hair's 
breadth by the scale^ or cause the thousandth part 
of the smallest grain 16 mount i^ on ^the balance ; 
but still it pan lay upon the whold globe, and all the 
material works of the Creator, the gripe pf a giant, 
which nothing can resist, — that before it the ancient 
mountains are hghter than thistle-down, and th^ 
fathomless strata of the earth itself ^e weaker than 
cobwebs. What then shall we think of Him who 
could with one wordi or even without word or 
wish, create this, migfity energy, and send it down to 
us in a garment as lovely as a sunbeam, and as ^yly 
tinted as a rainbow, and make it our best friend aiid 
our most obedient servapt,— and? saving where im- 
mortal spirit is concerned, make it throughout all 
nature Ufe itself I . ' 
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SECTION VII. 

Observation of Air and Water. 

As we can know and contemplate the powers with 
which nature works only through the medium of those 
substances in which they are manifested, a consider- 
able portion of that which would, perhaps, with more 
propriety, come in under this or some of the succeed- 
ug parts of the book, has been already anticipated, 
and what remains to be said may, in some instances, 
have the appearance of repetition. But that is 
unavoidable ; for if we are to view nature as it exists 
— ^living nature, we must view it in its connexion. 
There is no dissecting till after death ; and then the 
very finest anatomy that can be practised gives us 
only disjointed members. But the observer wishes 
to know nature in its activity and life ; and, there- 
fore, there is no possibility of noticing any one thing' 
usefully to him without a glance at collateral things. 

In the case of the great agencies of gravitation 
and cohesion, and light and heat, and motion and 
resistance, that is especially necessary, inasmuch 
as, apart from the subject in which their effects are 
displayed, we have not the slightest conceptioQi or 
means of knowing any one of these. There is no 
weight, unless there is something that is heavy, and 
has other properties besides weight ; there can be 
no cohesion, unless there is matter to cohere ; light 
never appears but when it illuminates something; 
we know nothing of heat, unless there is something 
that is warmed by resistance to it ; and we can 
know that there is motion, not merely when some- 
thing moves, but when there is some otiier thing 

O 
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moving differently or at rest, by means of which we 
can know and judge of the motion. We can treat 
only of what we know; and thus every attempt to 
explain the principles or agencies which have been 
noticed must be made through the medium of those 
matters in which their effects are displayed. 

Now, however, we come to a real substance, or 
perhaps, more correctly, to a state in which some 
substances generally, and all substances at times, 
exist. That substance is air, the lightest, the softest, 
the fleetest, the most gentle, ^nd the most obedient 
of aJil material things, of which the human senses 
can have any knowledge. ' The common atmosphere 
which we breathe, and without which we could not 
possibly live, is the type, and most familiar instance 
of air. But.it is the state, and not the substance, 
that is aerial. Besides water, and other foreign 
substances, of which it always contains some por- 
tion, however small, the common air, or atmosphere, 
consists of two ingredients — oxygen and nitrogen. 
The first of these forms part of water, of every 
animal and every vegetable, and of many mineral 
or earthy substances ; and the latter forms part of 
every animal, and of some vegetables — of caoutchouc, 
or Indian rubber, for instance, and of course of the 
trees whose juice consolidates into that substance. 

But though the atmospheric compound of oxygen 
and nitrogen be the type, and, to popular observation, 
the example of air, yet air may mean any thing, or 
all things ; because all things, or the elements of 
which all things are. composed, may exist intherstate 
of air. ^ \ 

The most accurate definition of jCir is, ^^ matter 
svhdued by Aea/,"— so overcome by the tendency to 
motion which heat imparts, that it has no cohesion, 
and none of the common, properties of matter, ex- 
cepting gravitation — the property which matter never 
loses, or can lose, while it exists: * No matter what 
the substance be which is in the state of air ; be it 
hydrogen^ which when in a state of air is the lightest 
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of known substances, and on that account used for 
filling balloohs, which, because of their lightness, 
rise in the air and carry up men and their instruments 
of observation ; or be it gold or platinum, which, 
when in the solid state, are the heaviest of known 
substances, still if it be in the state of air, all its pro- 
perties, as solid or as liquid matter, are subdued and 
suspended by heat, when it is in the state of air, 
excepting gravitation or weight. The direct action 
of that is ^so suspended, and a heavy metal may, by 
being reduced to the state of air or vapour, be made to 
float in the atmosphere, and to pass upward rather than 
downward. . But that is owing to the dispersion of 
the minute parts of it through much more space 
than they occupied in the solid or the liquid form. 
Could aU those scattered particles be collected, they 
would at all times weigh exactly the same ; and if 
they were made again to occupy just th0 same space 
as the solid or the liquid, all the properties of the 
solid or the liquid would return, and it would be the 
sameidentical substance that it was before the action 
of heat turned it into air. 

In the actions or changes that take place in nature 
(for action is but anothet name for change) the state 
of air is of the utraosi consequence ; and it is highly 
probable, nay, absolutely certain, that, without that 
state there would be no action whatever. The state 
of air is the end Of every thing old and the beginning 
of every thing new. The matter of which any 
thing — all things, is composed is altogether inde- 
structible by any natural cause ; and, therefore, the 
only way in which any thing can be destroyed is by the 
destruction or complete suspension of all its peculiar 
properties, by the conversion of it into air through 
the action of heat. While it retains all the former 
properties, it is the former substance ; and while it 
Detains some of them, after others have ceased to be 
apparent, it is the ruin of the former substance ; but 
when the whole of the former properties are sus- 
pended, and the substance (still identically the same 
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stbstance) is in a state of air, it is literally, and in 
the truest sense of the word, a material — a material 
which the plastic hand of nature can mould and 
fashion into any new production for which it is 
adapted, with far more ease and certainty than the 
potter can out of the same clay mould "one vessel 
for honour, and another for dishonour," or the 
builder can apply the same bricks as part either of a 
palace or a pigsty. 

This, when we think seriously of it, is really the 
most wonderful part of t^e whole wide field of 
nature ; and it is the one in which the foundations 
of all our knowledge of nature^s working are laid. 
The solvent power of heat, which loosens the firm 
cohesion of the diamond with as much ease and 
certainty as it melts ice into yrater, or the sunbeams 
into all those tints of colour that enliven the face of 
nature, overcomes all, but destroys or injures nothing. 
It holds all matter captive ; but the captivity is only 
that the purposes of matter may thereby be fulfilled ; 
for the moment that the proper ingredients of any 
compound come together in due proportion, and 
under the requisite circumstances, the heat which 
held their properties suspended lets them slip, and 
they instantly act, and the compound is formed, with 
the same ease and the same certainty as if it had 
existed from the beginning. 

Not only that, but the heat is as*powerful in es- 
caping away, and allowing the qualities of materials, 
which it had held in the - state of air, to act, in the 
formation of new substances, as it is in the suspen- 
sion of those properties, in bringing about the 
destruction of that which is gld, — that which has 
already served the purpose of its being, and is occu- 
pying materials to no use. 

Oxygen and hydrogen, the component parts of 
water, can both be obtained in the state of pure and 
colourless air, the first a little heavier, at tne same 
temperature, than the cohimon air of the atmosphere, 
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and thQ second a great deal lighter. Each, in its 
separate state, may have a great variety of tem- 
peratures, and have its volume augmented by heat 
or the removal of pressure, or diminished by pres- 
sure or by cold ; and though that has not yet oeen 
satisfactorily done by human experiment, there is 
not the least doubt, that by sufficient cooling, both 
might be condensed into liquids, and crystallized into 
sotids. We do not know that these elements of 
water are absolutely simple ; but we call them so, 
just because we are not able to Resolve any of them 
into two substances bearing different properties ; 
and the ancients thought water simple, and caUed it 
an "element,^' for the. same reason. But we can 
work any of those (to us) simple substances through 
a very great range of temperature, and still get them 
back again in the very state with which we set out. 
But bring them together in the proportions in which 
they form water, and apply a lighted match, and the 
combustion is terrible, probably the most brilliant 
display of the action of heat with which we are 
acquainted, and perfectly irresistible in its effects. 
When those elements are in sufficient quantity, and 
firee to mix with their natural rapidity, as much heat 
would come out of the materials of a pitcher of 
water, when passing from the state of separate airs 
or gases to that of the compound liquid, as would 
suffice to kindle the globe, or loosen from their 
cdhesion.the particles of any substance in nature^ 
whether compound or simple. ♦ 

The progress of decomposition is always the 
same as that which is produced by the action of 
heat ; the solid is first changed to a liquid, and then 
the liquid into an air or vapour ; but there are many 
cases in which the process is altogether invisible; 
and there are others in.v^hich the two parts of it 
follow each other so closely that we cannot distin- 
guish them. There is no doubt, however, of the 
perfect uniformity of the process ; and that whenever 
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a solid disappears, it passes through the liquid state 
into vapour. , 

So also, in the formation of new aggregations, 
whether these be liquid or solid, or whether they 
be what we call simple or what we call compound, 
the primary state — that in which the combination 
or the aggregation begins — ^is the state of air. It 
is of no consequence whether the result be what 
we call a new body, or what we call the repairing 
of an old one ; for the process of nature, however 
it may vary in appearance, and whether to our 
senses it be visible or invisible, is always the sanio^ 
Air with air is the only state of intimate xmotk 
which we know of that is primary, or that of dtom 
with atom, so that the compound or the mass may, 
to our observation, appear one substanqe. 

Liquidity is a weakening of the cohesion of par- 
ticle with particle ; but it is not, in the case of any 
liquid with which we are acquainted, a total suspen- 
sion of that cohesion. There is, no liquid but which 
can form into drops, or be poured in a continued 
and connected stream, which shows that the par- 
ticles, have still some attraction, as we call it, for 
each other. They are not quite subdued, but, like 
the bent bow, retain their capacity of returning from 
the bend. Some, no doubt, pass very soon into va- 
pour. In dry air, single drops of ether will evapo- 
rate before they reach the ground from the usual 
height of "the hand ; and there are many instances 
of showers being evaporated in their fall, and never 
reaching the ground ; indeed, most showers are less 
or more evaporated in their falling by the warm air 
near the sheltered and low places ; and thus there 
falls more rain even at the top of a place of ordinary 
elevation, than on the same surface of the ground 
on which the house stands. But stiD, even the 
most rapid of those evaporations takes some time, 
and the cohesion of the particles forms a drop at 
the beginning, in oi^)osition both to the liquidity and 
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gravitation. The mixtare of liquids is, therefore, 
only a mechanical, mixture, even when the parts that 
are mixed are far too fine either for the senses or 
the microscope. It may be the means of a more 
intimate union — of those unions that pi'oduce com- 
pound, and organized, and living substances ; and as 
we cannot see the masses of the different matters 
in the liquid, we cannot of course see the future 
.and ultimate process ; but we may rest assured that 
the chymistty, the xJj/ica, the " secret process," of the 
jnatter— that from which the forms Of things origin- 
ate, is always a union of air with air. 

And the facility given by this aerial state, in which, 
to our observation, the atoms of all matter are no- 
4;hing, and yet fit and ready for every thing, is truly 
^onaerful; so much so that we can hardly name 
4)ne ultimate substance and a primary purpose, and 
■dare say that the one of them is not fit for the other. 
A cinder, a bit of burnt stick, or the snufT of a candle 
is, in our estimation, not only a useless, but an 
^offensive thing, and we throw it away as such. 
But it is far otherwise in nature; and those things 
■which we cast away as useless and offensive are, 
4n her working, far more vahiable than gold. 

IJet us examine the matter a little ; it may be 
useful to us on other occasions. What can nature 
do with the cinder, the burnt stick, or the candle- 
«nuflf? Why nature can make them serve more 
purposes than man can serve by the most valuable 
material that he knows. In ^s far as they contain 
charcoal, nature can make them into marble, and 
limestone, and black-lead for pencils, and shells of 
all kinds, and every plant that grows, and every 
animal that lives; and, with very few exceptions, 
all the parts of all those plants and those animals. 
There is not only charcoal in them all, but it is the 
charcoal that^ves the sofl parts their firmness and 
solidity ; and part of the brightest eye that now 
beams in England may once have been, and may be 
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again, the snuff of a candle. The " rival lustre" 
(only it is a dead one, and wants the " speculation" 
of the other), is charcoal, and notiiing but charcoaL 

To the unreflecting, it may seem very wonderful, 
if not altogether incredible, that marble palaces, and 
loaves of bread, and blooming roses, and clean hands, 
and eloquent tongues, and smiling faces, should all 
be made, and made with equal ease, out of burnt 
sticks. But such parties should consider whose 
working they are thinking of; and then the whole 
becomes as simple as it is true. And, if the patience 
of any reader, not accustomed to think on such sub- 
jects, shall have carried him thus far, we have no 
doubt that he will find in their " airy passage" from 
old to new, and from death to lifo, enough to make 
him wonder '<why he has not been an observer (d 
nature all the days of his life ; and, perchance, he 
may regret that he has not. But there is no need 
for regret ; that only wastes time, and makes bad 
worse in all cases where we suffer it, to intrude. 
There is plenty of time still, if it were well applied ; 
and there stands at the porch of natiire no snarUnff 
Cerberus, with his three heads, all wrong ones, and 
his " confusion of tongues." 

How this singular action of matter in the state 
of air is carried on in all cases, so as to produce the 
endless variety tjiat we see in nature, we cannot of 
course know ; but we dd know the results of it in 
many instances, and that knowledge is the founda- 
tion of nine-tenths of those arts by the practice of 
which we get our food, oiir clothing, and all our ac- 
commodations and comforts. Men have ^^ groped 
their way" to some portion of that knowledge ; but 
it is only since the introduction of modern or pneu- 
matic chymistry, that is, the science of " the secrets 
of airs," that it has been followed as a regidar 
science; and when we think of gas-lights, and 
steamboats, and ten thousand other things that we 
possess in consequence of it, we cannot be toqi 
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grateful to those who made and applied the dis- 
coveries to which we owe these. And we have 
this to encoura^ us in the matter, that the whole is 
the result of ohserv<aion — of that observation of na- 
ture which is far more open to us than it was to those 
men, for they have left us their keys. 

But if the aerial state of things be, as it certainly 
is, the real and only state in which nature acts, then 
the atmosphere must necessarily be the general 
theatre of nature's acting. Nor is there ahy doubt 
that it is. There are, indeed, some operations which 
could hot be carried on in the atmosphere, because 
some of the materials wotild be dissipated by that ; 
and there are others in which all the materials would 
go off together. Thus we can get the water out of 
brine, and leave the salt, or the spirit out of wash, 
and leave the water, by boiling in the open air ; but 
we must be contented to lose the water in the one 
case, and the spirit in the other. NOr have we any 
means by which we can, in the open air, dnd by boil- 
ings get out the salt and leave the water, or the water 
and leave the spirit. In like manner, we may in an 
open ^re drive the charcoal and the bitumen out of 
common coal, and leave the clay and the iron with 
which coal is sometimes mixed ; but we cannot, in 
an open fire, refine the coal by taking out the iron 
and clay. Every change that we make in the heat 
of any thing, the atmosphere affects that thing in a 
different manner ; and it is the same whether the 
change be produced by nature or by art, or whether 
it take place in the atmosphere, or in that which is 
exposed to the atmosphere. Only, we must bear in 
mind that the atmosphere and the object act differ- 
ently ; and thus the effect of heating the atmosphere 
is the same as that of cooling the object, ana that 
of heating the object is the same as cooling the 
atmosphere. 

The perfect mobility of the atmosphere is one of 
its roost striking and its most useful properties. 
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We are not authorized to say that it moves without 
any friction ; but its friction is only the friction of 
particles ; and, with moderate velocities, the resist- 
ance of air rubbing on air is very small. 

The atmospheric air is at once the most delicate 
and the most powerful of aU springs. It actually 
yields to the touch of a sunbeam, and yet it can 
cleave rocks, and shake the surfaces of countries to 
pieces in earthquakes. It is more nice in the de- 
tection of pressure than any instrument that we can 
contrive, and no thermometer can measure heat 
with nearly the precision of an air one. The air 
is, indeed, not oidy fine beyond all sensation, but it 
is the immediate object of all the senses. It is the 
air which th% eye sees, the ear hears, the nose 
scents, and the finger touches. We know nothing 
of what sight might be in a vacuum, or space where 
there were no air, because the eye would be de- 
stroyed if it were in such a place, even though the 
apparatus were so contrived as that the operation 
of breathing could still be carried on. Once rertiove 
the pressure of the atmosphere, and the fluids of the 
eye would burst the vessels and coats, and there 
would be an end of its curious structure, as well as 
its power of seeing. 

Smell and taste are not in the air, but still the fra- 
grance and the sapidity are " melted or dissolved in 
air," before we can perceive them; and in those 
internal parts of the body which we may suppose 
that the atmospheric air does not reach, we have 
no perception of any thing like either smell or taste. 
Then as to hearing, it is the air that we hear. Air 
is the instrument, and the only instrument of sound ; 
and if it were taken away, all nature would be as 
dumb as a little bell is when it is tolled or struck 
within an exhausted receiver. Indeed, it not only 
requires air, but it requires some body or substance 
of air to produce a sound that can be heard ; for we 
are not able, by even the best air-pump, to exhaust 
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even the smallest vessel completely of air, as there 
must always be as much remaining as has spring 
enough to raise the valve of the pump. 

Then as to touching, if we touched things them- 
selves, and not the air, they would stick to our fin- 
gers, or our fingers would stick to them. The mean 
pressure of the air is about fifteen pounds on every 
square inch of surface ; and so, if even the strongest 
man were to grasp a stick without air between it 
and his hand, he would never be able to unclasp his 
hand and let it go. As little could a man walk if 
there were no air between his feet and the ground. 
If there were no air, each foot of a full-grown man, 
if the sole were entirely on the ground, would be 

Eressed to the ground by a weight of ^bout four 
nndred pounds ; and thus the man Could never lift 
a foot, but would stand on the earth, as still as an 
earth-fast stone. 

The little ridges of papillaB that are on the palm 
and fingers of a healthy hand, and also on the sole 
of a well-kept foot, contribute to the ease with which 
the hands and the feet can be separated from that 
which they touch, by the air that is lodged in the little 
hollows between; and though by close squeezing 
the sides of the fingers may be made to stick together, 
the fronts or tips of the fingers never can. 

If there were not atmospheric air in the inter- 
stices between all substances, nothing which had a 
base, or surface, of any size 1;hat could be placed in 
contact with another, would fall. In that case, a 
man would not need to hang his hat on the peg ; he 
would only need to push it to the wall, and it would 
remain there. So also he might stick himself to the 
wall, or lie down on the ceiling on his back and 
look down on the company below. Indeed, it would 
signify but little where he lay doMm ; for be it where 
it might, assuredly he woukL never be able to rise 
up again. 
If it were not that the air always coines between 
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the surfaces of all things, the bricklayer would need 
no mortar, the joiner no nail and no glue ; the tailor, 
too, would haye no use for thread, and the seams 
of shoes would never give way. A world of that 
kind would be a. very stable and lasting world, and 
the words '' wear and tear'^ might be left out of the 
vocabulary. But there would be too much of sta- 
bility ; and there would be little motion, or change, 
and no life. 

Thus the extreme pureness of the atmosphere, 
and the property that it has of insinuating itself into 
the very smallest openings, and pressing equally in 
all directions, makes it l£e grand pathway on land ; 
for whatever is moved on land is literally moved in 
the air ; and not only that, but, as the air is pressed 
together by its own weight, and thus heaviest near- 
est the earth, so that even the heaviest substances 
are pressed a little more upward than they are 
pressed downward by the air, their real weights 
are diminished by the weight of a quantity of air equal 
to their bulk. At the same time, they are held' in 
their upright position by the pressure of the air all 
around tt^m ; and that pressure is so considerable 
as to amount toT about thirteen tuns on the body of a 
man. That weight is, however, so nicely balanced^ 
so perfectly the same at all points of the same ele-» 
vation from the ground, and the air is so perfectly 
springy or elastic, — forms so delightfully soft a 
cushion around all nature, that its resistance to ordi- 
nary motions is not felt, and it does not ruffle the 
ppiwdery plumage on the wing of the most delicate 
moth. Walking we do not feel it at all ; and even 
when we run with aU our speed, it is nothing but a 
light zephyr in our face, which fans and cools us, 
and really assists in speeding us on. 

And it is worthy of remark how the natural cov- 
erings of many animals are ^* fined. away" at their 
extremities, till they gUde almdst into the thinness 
of the air itself* Take an entire hadr of any animal. 
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more especially those that steal upon their prey un- 
awares, and you will find the point so exquisitely 
fine that it is absolutely next to nothing. Painters 
are aware of that property, and so make their finest 
penc^ils of the hair of the 'sable,which admits of be- 
ing made into a little brush that will hold a charge 
of colour, and yet all the points of the hairs united 
together make one point, as fine as that of the finest 
needle — ^indeed far finer. The same quality may 
be observed, in greater perfection, if possible, in the 
fur of the bat, or the fringes of the owl's feathers ; 
and the little feathers upon the night moths are the 
most wonderful of any.: 

Creatures tha,t are furnished in that manner act in 
concert with the air, as.it were, while they are moT- 
ing through it ; and thus, though the bat be the most 
fluttering thing that flies, and the owls and the 
moths be generally far more clumsy than the day- 
hawks and the butterflies, yet they make their way 
through the air with much less noise. Many plants 
too. have their yielding borders ; and the wind mur- 
murs in the troves when their leaves are on, and 
does not howl as it does among the leafless sprays 
in the winter ; and it never ro^ on fbrtile plains as 
it does among naked rocks. 

But the air is not merely the pathway of nature, it 
is the carrier, and it is as sensitive in its own mo- 
tions as it^is yielding to those of every thing else. 
The. least alteration of temperature, or pressure, 
instantly puts the air into motion^ If any thing ad- 
vances, the air moves ofi" before it to make room ; 
and if anything recedes, the air follows at the same 
time to suppoil it. If iany thing is heated above the 
average, the air ascends with the excess of heat; 
and if any thing is cooled; the air condenses and closes 
in upon it, not only as a protection against greater 
cold, but to impart positive he^t. No matter how 
great or how smallthe object is, or how long or how 
jihort the distance, the air is sensible to the verV 

P 
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smallest cause that can act upon it ; ^nd it is just as 
capE^ble of obeying the mdst powerful. It surrounds 
all earthly things, and it regulates them all. If the 
distance is not the thousandth part of a hair's breadth, 
or if it is ** round about the pendent world," the 
" viewless wind" is perfectly true to it. 

The principle upoii which all that is d^tie is an 
exceedingly simple one. The temperature of the 
air, its pressure when in its natural and uncpnfined 
state, and its density, or the quantity of it in a given 
space, are all, by the very constitution of its nature, 
so nicely bsdanced and adapted to each other that 
the least change in any one of them -is instantly fpl- 
lowed by the corresponding, change in the others ; 
and its freedom of motit)n enables it to ^nake an 
instant adjustment by motion. ' 

There are ifew or no causes of disturbance arising 
from pressure in the air itse*f; because the only 
pressure which it has in itself is its owti weight, or 
pressure downwards towards the earth; and the 
pressures of foreign substances mixed with it are con- 
sidered' as mere pressures, not of very much conse> 
quence. Thus the principal causes of disturbance^ 
or motion in the air are differences of l^at : and^ 
from general or local causes of heat, these are almost 
incessant. 

When it is said that, of all substanceib in nature,, 
the air is the most vendible to heat,, the meaning 
must not be misunderstood. Sensiliility to^ heat 
do^s not mean being actually heated* but only being 
put into a state of action by heat; and. from what 
has be^il said About the connexion between apparent 
heat and resistance to motion; it will readUy be un-- 
derstood that if the air were absolutely free to move, 
it wQuld never show any increase of heat- at aH ; but 
would expand and yield to the full extent of the 
heating cause. Nay, if it were allowed to expand 
faster than that cause operated, it would thereby be 
cooled. But light as the air is, even the smallest 
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portion 0|f it has some weight ; and softly though it 
moves, still it has some friction. Both of these offer 
8ome resistance to the cause of heat, and thus the 
air is always a little warmed before it begins to 
move in obedience to the heat. The resistance is 
the greatest where the pressure is greatest, and the 
air in consequence the most d^nse ; and that is one 
of the reasons why the air is hotter in hollows than 
on heights. If one were to ascend till the air had 
only luilf the pressure, and consequently only half 
the density and the resistance to friction that it has 
at the mean level of the se^, thenit would yield twice 
as easily to the heating cause ; and the same causo 
that would render it not only warm, but disagreeably 
hot at the lefvel of the sea, would not bring it per- 
haps even to the heat at which ice melts at the great 
elevations. At less difference of height, the differ- 
ence of resistance would be Iqss than that ; but there 
is a difference ev^n for the smallest difference of 
height, although our observation will not reach the 
very minute cases, any more than it will reach the 
very minutest ends in any department of observa- 
tion. We see as much, however, as may suffice 'to 
convinceNus that the law. is general; -and that is all 
which is required for the purposes of knowledge. 

The daily and annual motions of' the earth (and 
the atmosphere moves along with it) cause the heat 
of the sun to fall differently on 6vpry place, on every 
day fn the year, and at every hour of the day ; and 
the different effects of the heat of the sun on differ- 
ent kinds and forms of surface further increase the 
variety, till the relative portions t>f heat, at any con- 
8iderai)le number of places, for any one time, cannot 
be calculated with any thing like certainty, or indeed 
at all. 

If that could be done, we should all be perfectly 
"weather-wise," and. should be able to tell how the 
sky appeared and felt in distant places, and how it 
would appear and feel at future times, with just as 
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much ease and certainty as we could state the facts 
before our eyes. But that is an extent of knowledge 
which no human being can by possibihty attain ; s^ 
the utmost we can expect as the reward of the most 
careful observlaition is to understand what is actually 
before us, and make ^ shrewd but silent guess at 
what may immediately follow. In all things the 
past is the only mirror in which we can see the 
future ; and if we search for knowledge of it any- 
where eke, we fail in our s^im, and at the sam^ time 
throw away the present. 

When the air is heated, its tendency is to spread 
or expand equally in all directions, upwards, down- 
wards, and laterally ; but the actual motion is in the 
direction i>f the least resistai^qs ; and heated air ' 
ascends in the atmosphere on the very same prin- 
ciple that the heated lava of a submarine volcano 
rises through the waters of the ocean, and does not 
form a flat cake, or bed, at the bottom. The heated 
air ascends, and as it gets into air, having less 
resistance to its expansive force, it expands and 
cools, so that it at last comes to a place where it 
has no tendency to move unless it is acted on by a 
fresh cause. We can have a very tolerable notion 
of it in the ascent of smoke:^ That is really the 
ascent of warm air ; and it is hmdered, and not pro- 
moted, by the particles of charcpal and water, and 
other matters, which give the colour to the smoke. 
A^chlmne^ often smokes the most vigorously where 
it does not appear to smoke at all ; th^t is, where 
there is a bright clear £re, and nothing but warm air 
aseending*; and those furnaces which have their 
smoke so that it is hardly visible, send their currents 
of air to a much ^eatet height than those whic^h rain 
soot all over the neighbourhood. 

Still the visible smoke of fires is one means of 
observation by which we can get some insight into 
the motions of ascending currents in the air pro- 
duced by heat. When they blow all in the same 
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-direction, and soon melt nito the air, it is a sure sign 
that the lower stratum of the air is dry, and will 
resist the • descent of rain, even *though the upper 
part of the sky may be cloudy. But when, without 
any high objects in their vicinity, some are inclined 
-one way and some another, there is disturbance in 
theJower part of the air, and the probability is that 
it will soon rain, even though at the time there be 
not a single cloud to be seen. Clear skies are, 
indeed, at some seasons, and iii some places, often 
more treacherous thail cloudy ones : because, espe- 
ciaUy in places near the sea, or high mountains, 
there are clouds of day and clouds of night, which 
are regularly formed m the atmosphere, and again 
dissolve there, ev^ in. the finest weather. When 
the air is still, and the smokes ascend in tall col- 
umns withoutblending much with the air, it is a sign of 
rain, because it shows that the air near the earth is 
in a ^tate in which it wiE absorb or dissolve no more 
moisture ; and it is the under stratum of the air that 
keeps up the clouds ; so that when these are formed 
and again absoii)ed, the absorption takes place at 
their under sides, and nbt at their upper, just as the 
snow showers that fall upon the hot and dry fields 
in the spring melt below by the heat of the earth 
sooner than above by the heat of the sun. Some^. 
times l^e smoke, when abundant, and when the air 
does not evaporate the water, and allow the soot to 
fall to the ground, forms a long flat stratum, like a 
thunder-cloud; and that, like the thunder-cloud, 
shows that there will be showers, or rain falling 
from a considerable height, and therefore in large 
drops. The reason is, that a portion of the lower 
air resists the descent of the cloud, while th&upper air 
is parting rapidly with the moisture- that it contains. 
In these cases the evaporative, or^rying power of the 
lower air, is often wholly occupied in resisting the 
descent of the cloud, so that the surface of the earth 
ia many places, and especially that of the green 
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vegetables, gets moist wHhout the falling of any 
rain, or the formation of any dew. Growing vegeta- 
bles give out a great deal of moisture to the atmo- 
sphere, because their absorbent vessels take in much 
more than is wanted for the addition of matter made to 
the plants in the process of growing. Water, or the 
component parts of water, decomposed and assimi- 
lated when in the aerial or gaseous state, no doubt 
go to the actusd substance of the plant ; but mitch 
of the water passes through the plant, as the mere 
vehicle of that part of the food which forms the 
nourishment : and that water is again given out to 
* the air by evappration. When the air is very warm 
and dry, more vvater is evaporated than is consistent 
with the healthy state Of the plant : and in conse- 
quence the leaves beco^ie soft and feeble, and the 
whole plant droops. If the languishing is not very 
great, the plants are again recpvered by the night, 
and next morning finds them able to bear the suii of 
a new day ; but if it be toa severe or too long con- 
tinued, the delicate vessels of the leaves are shriv- 
elled, the juices do not circulate, the light doe^ nt>t 
perform its proper functions, and the leaves lose 
their greeftness and wither.' ^ , 

But when a cloud comes under the circumstances 
just noticed, the evaporation from the plant is sus- 
pended ; and the moisture which would have been 
dissipated in a more drying state of the air remains 
and refreshes the leaves. In the banks, of rivulets 
and the sides of ^ins there are often little trick- 
lings of water, so small in quantity, that the dry air 
and the heated bank. draw it into vapour almost be- 
fore it reaches the surface; and the places See^ 
absolutely dry. But wh0n the evaporation is sus- 
pended by the cloud which cools the ascendinff air 
and sends it down^again, so that it continuies taking 
moisture alternately from the ea'rth and cloud, those 
trickhngs appear ;, and fresh moisture is apparent on 
the earth before any begins to iiadl in visible rata 
from the sky. 
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When the cause which heats the air is powerfuli 
and its action long continued, the whole mass of 
tiie atmosphere may be put into motion ; and the air 
which is moved may spring so fast upon that which 
has in itself no cause of motion, as to produce very 
grand, but, at the same time very serious effects. 
In the alternate halves of the year there are alter- 
nating heats of the sun in the north and south hemi- 
spheres of the earth ; hnd these of course cause, in 
the middle latitudes, a shifting of all the currents 
and motions of the air^ as the surface wind always 
blows from the cold place towards the warm. 

The sun is no doubt the general cause of all thoso 
motions of the air that are on the grand scale ; and 
it is worthy of notice, though of course there is no 
mstructive analysis in it, that the young sunbeams 
are as sportive as the young animals. In March 
and April, and the early part of May, the atmosphere 
is absolutely wild. It is cold bleak wind : then cas- 
tled clouds, and gusts flitting about; then a hail 
shower; after that hot sunny gleams; then fog; 
next; cold wind again ; after that, thunder and more 
hail showers, often in lumps in the warmer places ; 
and after these again, weather almost as hot as that 
of summer. One would almost think that every 
spring, the prayer of the farmer to Jupiter, in the 
old' fable, were granted to every farmer in England, 
and that they all had different weather for their dif- 
ferent fields, if not just at the s^me time, yet all in 
the course of the same day. 

That is the grand time for observation— the busy 
season with all nature in every thing that grows and 
lives. How countless are the millions of little buds 
which one of these- " showering and shining" days 
brings into leaf ! They are fresh and washed by the 
shower ; and when the warm comes you would ab- 
solutely thinly that you can both see and hear them 
cracking their scaly cases in which they were con- 
fined and protected fcnr the winter; and that the 



i76 SPRING ACTIVITT 

little green tufts were toiling, like living and rational 
creatures, at strife which should produce Che finest 
shoot and the fairest blossom. Then the whisking 
wings and the triUing throats are apparently enough 
in themselves to put the air into a state of commo- 
tion. And they are all in the act of beai^ifying na- 
ture too : some are plucking the dry grass, so that 
the fields may appear green ; others are gathering 
up the withered sticks ; others again, the lost feathers 
andhsulrs; and others stiU are pulling the lichens 
from the berk of the trees. The jnerles and the 
mavises are running under the hedges, andthe ever- 
' greens in the shrubbery, and capturing the snails in 
their winter habitations, before they have had time 
to prepare those hordes which would be the pest of 
ihe gardeners for the whole season. Other birds 
are inspecting tlxe buds in the orchard ; and picking 
off every one which contains a caterpiUar or a nest 
of eggs, that would pour forth their destructive 
horde and render the whole tree lifeless. Yonder 
again are the rooks, clearing the meadow of the 
young cockchafers which the heat has brought 
nearer to the surface; and which, if they were to 
remain there, would soon begin to eat the roots of 
the grass to such an extent that the turf would peel 
off as easily as the withered tunic of an onion ; and 
the labour of one hundred years (for some meadows 
take that length of time before they reach perfec- 
tion) would be rjiined in oap season. Man could not 
do that which the rook does ; because the rook goes 
instinctively to the {daces where the grubs are, just 
^as the lightning goes instinctively to the elevated 
point of a metsd rod ; whereas man would, have to 
learn where to find and how to, catch them, and the 
lesson, simple as the matter appears, and is in the 
case of the rook, would be no easy one. Some of 
them come from a distance too ; foy there are the 
white sea-gulls, with iheir longbeni wings and their 
wailing screams, busy in the same field with the 
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|)loughmen, and picking tip the "animal weeds," 
while the ploughs are turning down the vegetable 
ones. 

AH the countless races of that time of labour and 
of love, both native and visitant, are busy following 
their own purpose, or rather the law of their being, 
for they form no purpose of their own, or they 
would sometimes commit errors of judgment as we 
do, but they do not. At the same time the fulfilment 
of the law of their being works for good to us, just 
as the law of the being of a bushel of wheat works 
for good to ,lis when we cast it upon the earth and 
cover it with dust ; and come back after a season and 
find ten bushels, nine for food, and one to cast into 
the esffth, in the same manner-and with the same 
hope as before. 

At that season of the year nature has many busy 
labourers to feed, and many young i^ants, iand come 
or coming blooms, and other previous things to look 
after, that her grand messenger the atmosphere re- 
quires to be on the alert ; and as jiothing in nature 
ever does |hat. which it is not the very law and pur- 
pose of its nature to do, her messenger is always in 
time, md not one of her workers slackens or is 
palsied until it has answered the end for which the 
Author of riature ordained it, and the matter whidh 
has ceased to be useM in it is required for another 
purpose. 

Those variable winds of the spring^ "which seem 
to shift about and change in tlieir rate and their tem- 
perat^re, in a manner absolutely capricious, are far 
more unerring than if the wisest man that ever lived 
had tiie management of them. That is proved by the 
very fact of our thinking them capricious, which is 
just in other words admitting that we do not under- 
stand them ; and of courise that we could not get one 
of the things ^ooe, of ourselves, or by our direc- 
tions, whichthey are unceasingly doing for us. The 
; mokt inteUigentof us know but few of the properties 
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of plants and animals, and many of us do not either 
«know their names or themselves when we see them. 
How then could it be possible for us to tell what 
would give them the appearances that they in future 
are to evolve ? To talce a single instance, the future 
peach is not jjret the size of a pin's headj and few can 
tell what it is if they do not see it taken out of a bud 
which they believe to be the bud of a peach-tree ; 
and Very few could tell it from the nectarine or the 
apricot. Now, there- is' no question that there, is 
something communicated by the atmosphere to the 
infant peach* which gives it its soft velvety coat, 
and its purple ^and green an4 gold ; but suppose the 
most skflful man were asked to " go and put the 
down and the colours to the. peaches/ ^o that they 
might be in the very perfection of their beauty, just 
at the time when the pulp was most deUcious to the 
taste," what would he do ? And what would another 
one equally wise do if he were commanded to " per- 
fume the rose," or "scent the mignionette," or 
" flavour the pineapples or the strawberries V Yet 
all these things have beeii wonderfully improved by 
human art ; but that art has never been successful 
in any one case when it was not founded on the most 
minute and careful observation of nature. 

As Uie Apollo of the ancients was the sun^ or the 
image of light and heat, -so Mercury, the messenger 
of the gods, was the atmosphere ; and though the 
personification was a fiction or a fable, still it was 
a beautiful fable ; and among thosa who have the 
knowledge of the true religion which God himself 
has revealed, and therefore are in no danger of l^ing 
led into any thing like idolatrous worship by it, the 
fable is a most instructive fable, and gives in a few 
words one general and remarkable means of bearing 
in mind a great many truths.* 

Now though we cannot say positiv^jiy that there 
is no agency but that of the sun concerned in the 
jnroduction of all the sweetness of the hloomix^ 
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.y«ar, though we cannot ascribe to solar action alone 
all the gentle offspring of that time which " takes 
the wkids" with fragrance ; yet we could not expect, 
because we have never found, that they come with- 
out the seasonal light and heat. 

The fungi which spring up in the ^utumn, and 
come — ^like the, vultures or the ravens of vegetation, 
to prey upon the dead and the dying, put forth no 
leaves, and expand no flowers, and they are rank. 
They come not up in sweetness to the humblest of 
the vernal tribes, from the leaves of many of which, 
wheiithey are dried Without heating, we have some 
of the sweetest of our scents. It is the scented ver- 
nal grass which gives to new hay all that sweetness 
which wiles old and young to the hay-field at ted- 
ding time ; and the little woodruff which hides itself 
ill the grove is even more fragrant in its decay. 
Yet they are both tiny and humble to look at : 
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AH these early plants are kept fresh and s\ipeet 
by the vernal showers ; but as death creeps over 
the land, and even mushrooms and moulds benn to 
decay, the torrents of autumn descend ; and the 
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'' wash'' of the season rolls oni^ard to the sea^ bear- 
ing the corruption along with it. There the unplea- 
sant and pernicious substances continue united with 
it ; but no sooner has it passed the inconceivably 
fine but hardly discernible filter of the atmosphere, 
than all its impurities are removed, and the water, 
alone and unadulterated, remains there, till, by the 
working of that very atmosphere which has lilted it 
up, it shall descend more soft and linipid than the 
sweetest spring that ever flowed from the rock. 

It is owing to this property of the atmosphere 
that wehaye springs, and streams,, and rivers. The 
Thames, for all its wealth, and the Mississippi and 
the St. Lawrence, notwithstanding their majesty 
and the immense volume of waters which' they con- 
stantly roll to the s^a, all originate in the clotids, 
and may be said to flow from the heavens. But the 
real sources of them are in those places from which 
the evaporative power of the atmosphere drinks 
them up, or rather perhaps in those natural opera- 
tions by which the elements of watei* are loosened 
from other connexions, and left free to combine ^«i 
form that all-refreshing isubstance. While there- 
fore we cannot avoid being pleased with the bright 
and lively rill which dances from rock to rock to 
the murmuring cadences of its own music ; while 
we cannot avoid hngering " to pore upon the brook 
which babbles by" the gnarled root of the aged 
tree, which winds round the churchyard with its 
gray stones, which steals through the shade of the 
osiers, with softer and more silent wing than the 
owl does through the coj^ice, which slumbers in the 
miU-pond, until obedient to the control of man it 
leaps in glittering pezirls over the.\^heel to assist him 
in his labours ; which steals through the meadows, 
now holding its glassy mirror to the sky, and now 
hiddeu by the bright iris and the bristliiig sword-: 
flag ; and which after it has run its course, the orna-i 
ment and the fertilizer of its oyfn native valley. 
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mingles with the more copious flood of the rivet 
which sweeps gallantiy by, and on the banks whereof 
"Wealth builds his palace, and Science his temple, and 
Religion her sacredt fane ;. we cannot help regard- 
ing with lofty emotion that river when it thunders 
over the steep, and stuns the country round with its 
noise, but keeps it~ green tod fresh with its ever- 
showering drops, and whose estuary tempts man to 
found his most goodly city, and harbour his most 
powerful, Ms most wealth-collecting, his most 
peace-compelling fleet ; but though these powerAjQy 
draw the attention of the senses, and mightily ex- 
cite and elevate the mind, there is an unseen return 
of the waters which outdoes them all in the wonders 
of its working. 

• The atmosphere is usually and justly styled 
" the breath" of every living thing; but it is some- 
thing more extensive and anterior to that ; and were 
it to suspend its general evaporative power for even 
a brief period of time, the very beginnings of life 
would be cut ofl" and its fountains dried up. AH 
the water which the rivers of the world roll to the* 
sea, all that slumbers in ponds and expands in lakes, 
all that is caught in fountains,* drawn from wells, or 
in any way appropriaited to the processes of the arts 
or the purposes of hfe, all that supplies drink to the 
whdle animal race, and is breath, and hfe, and^ 
clothing, and habitation to innumerable tribes ; all 
that waters the fields, and sustains the existence of 
every vegetable from the most on the wall to the' 
monarch of the forest ; all that enters into the struc- 
ture of plants and of animals, or which bears their 
more immediate nourishment on its tide, or cleanses, 
softens, and comforts them by its ablution ; nay, all 
that enters into those stones or gems which glitter 
so much, — ^is brought on the wings of the wind, 
mounts up through the viewless air ; and the more 
vigorously that the countless thousands of active 
powers, natural or artifici^, are workiag, the more 

Q 
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abundantly does the air supply them with nature^ 
most abundant, most refreshing, and most valuable 
production. If you would know the resil value of 
water, ask a man wh^n he is stretched on his couch 
in the heat of a fever, and when his throat ig in- 
flamed and swollen so that it will ixot do its office ; 
or if he cannot answer, then ask him who sinks down 
under the ardours of the mid-day heat, on the wide 
and bivTiing sand of Sahara, at many leagues' distance 
from the little dingy pool and the overshadowing 
pisdms : question him as to the value of water, and, 
though the charter of the world's wealth were in his 
keeping, he would cheerfully give it for one little 
cup, or even that he were sitting on the- brink of ope 
of those sts^nant ditches which we shun. 

As we do not see the particles of the atmosphere 
as a wjiole, the particles of its two chief ingredients, 
the oxygen and the hydrogen, or the particles of 
water which it takes up in the process of evapora- 
tion, we cahnot know the nature of the agency by 
which any of these are held together. The cohesion 
of particles in the entire substance, as air, is indeed 
not only small, biit absolutely negative, and entirely 
obedient to the action of heat j and not only that, 
but if air is let into a' larger space upon which there 
is no pressure it will expand; and cool, that is, be- 
come sensibly cold, or abstract heat from other sub- 
stances as it expands. And when the quantity of it 
in a close vessel is diminished by pumping a por- 
tion of it out, and water is placed m the vessel, and 
some substance is also placed in it which has more 
attraction for water than the^ air has, and which in 
consequence drinks up the vapour of the water as 
soon as it is formed, the remaining air in the vessel 
will become so cold that the water will be frozen 
into a cake of ice, even though the apparatus be in 
a v^rm room. 

That simple experiment throws some light upon 
be very general and important process of evapo- 
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ration. It shows us that ^hen water passes into 
a state of vapour, or becomes endowed with that 
dispersive motioQ of its particles which sends it 
invisibly through the air, it is really changed to a 
state very much resembling that of the ais; and 
thus it may ascend among the particles of the air, 
in consequence of the dispersive motion which it 
itself acquires by being heated. So that, though 
the vapour is invisible, we are not to suppose that 
it necessarily enters into chymical combination with 
the air, in such a manner as that the two form one 
compound substance; but that it is only dispersed 
through the air mechanically, zpd rises by the gene- 
ral law of gravitation,, just because the quantity of 
it which is contained in any given bulk, in a gallon 
for instance, is less in weight than the quantity of 
air contained in the same. 

That this is actually the case is proved by the 
fact that in dense air, when that air is warmed, and 
consequently conmiunicates heat,^not only to the 
surface from which the water is evaporated but to 
the little drdps as they ascend through it, the water 
rises in visible vapour: and as that vapour mounts 
into air, containing less and less water as it ascends, 
and receiving more and* more heat in its progress, 
the little drops are subjected to. continual division, 
so that long before they have risen, so high as the 
top of an ordinaiy hill, they have become far too 
minute for observation, and are so dispersed that a 
gallon of the watery vapour may not weigh one- 
twentieth part of a gallop of the air thro!;igh which 
it is ascending. In that state it is not only impos- 
sitde that it can fall down to the ground, but it must 
continue to ascend, and to ascend rapidly, in propor- 
tion as, bulk for bulk, it is lighter than the;air. 

And the farther that it ascends, too, it will asceni 
the more freely and rapidly, and spread to the greater 
extent ; because the rarer that the air is, the farther 
must its particles be asunder ; and the higher thai 
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the water has. ascended the mof^ minutely must it 
be divided, and the farther must all the parts be from 
each other. The action of the heat destroys the 
cohesion of the water with the pool, or the Jeaf, or 
other surface from which it rises, the very moment 
that it begins to ascend ; and the cohesion- of the 
ascending parts becomes less and less, even much 
faster than the diminishing ' si^e, because of the 
distance that they are apart, and that is the reason 
why vapour, which is so dense as not only to form 
a light floating rack, but castled clouds, with edged 
as well defined as if they were terrestrial solids, 
and even an entire covering, that Extends over the 
whole visible heaveils, and shadows the' earth to very 
deep gloom, while yet^ that these formations ride 
buoyant on the air, and some of them are indications 
of dry weather. 

Thus though the air is. the passage of the ascend- 
ing water which is to maintain the springs, it is no 
more the cai^se of the ascent than the channel of a 
river is the cause why. the tide of that H^r flows 
downwards, and the vapour,- whether it be invisible 
or in clouds, is obeying the law's of its 0wn nature, 
and in nowise under the control of or attracted by 
the air. Were there an attraction, and if the air 
and the water actually united in their ultimate par- 
ticles, and formed a nei^ substance, as an acid and 
an alkali do in the formation of a salt, we should 
soon, from the vast ektent of surface at which they 
constantly meet each other (whidi may be said to 
be, considering how many moist substances stand 
surrounded by the air, and how often the face of the 
water id wriiiled with waves, equal to that of the 
whole globe) — ^if they acted chymically upon each 
other wfe should very sbon have neither airjior 
^ater; but a compound of the two: diffferii]||p as 
much in its properties from' either as the neut^ salt 
does from the acid and the alkali. Common salt) 
which renders our food so savoury and so whole- 
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some, is a compound of jchlorine and hydrog^en and 
soda, each of which is a poison, and when perfectly 
pure a'very deadly one, nor are we acquainted with 
any real chymical combination in which the proper^ 
ties of all the ingredients are not suspended and 
new ones produced, while the combination subsists. 
That, indeed, is just what is meant by a chymical 
^combination. 

But the water, when in the most minute state of 
division, and ascending in air so very thin that the 
slightest cobweb would sinjc like a stone, is in every 
one of its little and invisible drops, as perfectly 
water as when it rolls in the flood of a river, or 
spreads in the ocean ; and it is just as ready to obey 
all the laws of the water in the one situation as in 
the other. 

The evaporability of water is the principal reason 
why ij;, and substances that are wet with it, do not 
become so soon hot as substamces that are dry. 
When it is exposed to the air, it evaporaties not only 
as long ^s it remains liquid, but even when it is 
frozen; although the evaporation of ice when it 
presents only one wiiform surface to the air is slower 
than that of liquid water ; because the heat has to 
melt the ice before it can turn the water of that ice 
into vapour. Thus the cooling influence of ice upon 
.the atmosphere is much less and also more confined 
to the vicinity of the surface than that of water 
at the temperature of freezing, or even at a tem.- 
perature a little higher than that, perhaps too as 
mgh as about forty-two degrees of the common 
thermometer, the temperature at which water has 
the greatest density, and at which, when it is all 
cooled down to it, the water in a pond or lake 
jemains stationary, without any intern^ motion 
upwards or downwards. 

l%e slower evaporation that takes place from ice 
than from water is the* reason why, in walking 
jabroad, one feels so much more wann and comfort* 

Q9 
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able on a dry frosty day, a day even of the keenest 
frost, than on those raw days which are not exactly 
either frost or thaw, or even when thaw comes 
slowly, and the surface is covered with melting 
snow and ice. The hard ic^ and unmelting snow 
in tiie clear frosty day affect the air very little, 
whereas on the raw day, and when it thaws partially, 
the air is loaded with moisture, which takes the heat 
out of it : and as, on such days, there is seldom any 
direct sunshine to assist in dispersing the moisture 
up into the air, it hangs in the lower strata like a 
heaw fog, and abstracts heat from the human body, 
and forms hoarfrost upon the hair and clothes : and 
whenever the temperature sinks a little, the water 
is deposited and crystallized upon every solid sub- 
stance, and the more so the more slender the sub- 
stance is, so that the grass and bushes and the twigs 
of the trees are frosted over with spicule of ice, 
which have a very pretty but very cold appearance. 
Those hoar frosts are most frequent in the autumn, 
before the waters be so far cooled down as that ice 
or dry frost is found. They sometimes occur late 
in the spring and in cold districts occasionaUy evdn 
^ in the summer. » 

If in the latter part of the season those hoar 
frosts, or white frosts, " hold," by a continuai^ce of 
the cold atmosphere near the siurface, they« generally 
end in dry or black frost, and are followed by cold, 
but healthy and hearty winter weather. But if that 
air near the surface be warmed by any cause, so that 
the frost " gives way," or, as it is called in some 
parts of the country, " leaps," then, if the cause of 
that be general, rain is the immediate consequence, 
even though the general progress of the season be 
such as Ultimately to lead to black frost, and aheg^vy 
fall of snow. 

It may seem a little contradictory that temporary 
local heat should produccfcold, but it is nevertheless ^ 
trae, in that aa well as in other cases. How soon ^ 



CATCHING COLD. 187 

a person who has been in too close a room, or too 
near the fire, gets cold and shivering, compared 
with one who 1^ been in a colder apartment, at a 
greater distance from the fire, or in the open air. 
Half the colds and coughs with which people are 
annoyed in the winter are owing to their winter 
habitations being too warm : and those complaints 
are far more frequent in towns than in the open 
places of the country. When people go hot into 
the cold air, the evaporation from the surfaces of 
their bodies is so rapid, as not only to make them 
feeieold and shiver, but if it be long continued, to injure 
the little follicles of the skin, which, in the healthy 
states of the body, remove much of the waste mat- 
ter that is unfit for the purposes of life ; and thus 
that matter remains in the system, and acts as a 

goison. Washing with warm water in cold weather 
as much the same effect ; and they who resort to 
that in order to avoid the temporary influence of the 
cold, thereby subject themselves to it for the whole 
day. In summer, warm water is a luxury, and a 
wholesome, and almost immediately a cooling lux- 
ury: but they who would escape chilblains and 
frost-biting should avoid it in winter. • 

The temporary warmth of the air, which melts 
the hoar frost, acts in a similar manner. As the 
spiculae of ice thaw (and very little heat thaws them, 
as they are in small needles to which the air has 
access on all sides), the water evaporates, and soon 
takes as much heat from the atmosphere as cools 
that more than ever ; and the cooling influence grad- 
usdly extends upward, till all the vapour in the sky, 
up to a very considerable height, is much colder than 
before. As the heat diminishes, the tendency of the 
particles of water to each other, which iias been 
suspended, but not in the least destroyed by the heat, 
returns to action, and the particles approach each 
other, and form a cloud. What cloud gathers vapour 
from sdl the space surrounding it, not only while it 
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is barely visible, but after masses of cloud have been 
formed. Everybody who has looked at the sky must 
have seen the clouds " congregating^" even when 
there was no wind but wind of their own making ; 
and must have observed that, true to the law of that 
attraction which is the real cause of their formation, 
the little clouds always move towards and unite with 
the larger one. 

If the wind blows from a dry quarter, in the higher 
part of the air, the cloud is often swept away as fast 
as it forms ; and if it be blown to a place where 
there is no such action on the surface as that which 
produced the cloud, it may be again dissolved by the 
air. But mornings when the disappearance of hoar 
frost denotes rain are generally calm ; and in those 
cases there usually is rain. Indeed, a moderate sur- 
face wind, one of those " unhearty" winds which 
we call " raw," and which hiss in the crevices like 
scotched snakes, rather brings on than retards the 
rain ; as wind always increases evaporation— even 
those winds that we call " moist," dry more than 
air at the same degree of saturation with moisture, 
but at rest. 

When the heating cause is local and confined, the 
result is not rain but fog. In the evening, the land, 
especially where it is bare and dry, cools much 
sooner than the water ; and as it is the change of 
temperature, and not the absolute temperature that 
produces the change of evaporation, vapour then 
gathers over the pools and marshes, and the courses 
of the rivers ; and among bare hills with deep valleys, 
and lakes and rivers, the fog is often seen white and 
dense, in the hollows, as if some white fluid had 
been poured into them. 

City fogs, such as the fog of London, which is at 
times very annoying, and always very offensive, are 
owing to a similar cause ; only in the case of these, 
that cause is in the city» In the early morning, 
vhen tbe production of fog has been lessened by the 
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slackening of the fires during the hours of rest, and the 
upper air, which may be very dry and tranquil with- 
out the limits of the city heat botii upwards and lat- 
erally, may have melted the fog of the preceding day, 
the air may be moderately clear. But when the half- 
million of fires are lighted, and send up their heat, 
the. whole moisture of the surrounding air is poured 
over the city; and that, imingling with the evapora- 
tion from the city itself, becomes so dense, that the 
charcoal, and the nitrate of apu&onia, and all the 
other matters which, at ordinary times, the air dis- 
perses in great part, float mixed with the watery 
vapour, and produce an atmosphere approaching as 
h^arly to the consistency of a quagmire in the air 
as it IS perhaps possible to obtain. 

But unpleasant and inconvenient, as "the London 
fog is, and much as it prevents -all means of obser- 
vation, there is still something in it worthy of at* 
tention fo the observer of nature. The fog is a 
natural production^ though some of the elements of 
it are brought together by artificial means ; and thus, 
though they be somewhat dismal charms, it has still 
some of the charms that belong to all natural phe- 
nomena. It is curious to find a sort of twilight rep- 
resentation of London in that very silbstance which 
completely hides London itself; and yet such is the 
case. It is not to. be understood that the wards, 
and cities, and boroughs which compose the me- 
tropolis, are as weU. represented by their several 
fogs as they are by other means ; but still they are 
represented by these. 

The' air over London moves upwards and down- 
wards with the tide* of the river; and over rivers of 
such magnitude the light winds are more frequently, 
in the direction of the, tides than in the cross direc- 
tion. The light winds. that accompany the fog, 
though they barely reach the streets, and ar6. not 
indeed very perceptible w%en so little can be seen, 
are usually from the e^dt. Hence, if th.e tide iis 
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upward aqd the wind at east, the fog will be borne 
slowly westward, until the fog, which is produced 
at Blackwall may reach as far as Chelsea before the 
turn of the tide. That is one of the causes which 
produces, or at least enables a person at Chelsea to 
see, the " fog map." 

But again, as the heat of the population and their 
fires, and the smoke of the latter, produce the smoke, 
the smoke must be most dense where these are 
most abundant ; and though the quantity added as 
the moving mass creeps westward must, to some 
extent, weaken the shades of density as first pro- 
duced, yet these are not altogether obliterated. 
Hence if one takes post somewhere about Earl's- 
court, on a morniBg with the wind at east, first 
comes the fog of Brdmpton, and part of Cl^elsja and 
Knightsbridge ; then comes the Green Park, a great 
deal lighter. St. James's is not very dense, because 
the houses there are large, and the fires not "many. 
It then gradually thickens to St. Giles's, and the 
hundreds of Drury. Lincoln's Inn Fields lighten 
the prospect a little ; but the thick mass of buildings 
all the way to St. Paul's make it soon dark again. 
St. Paul's is but a speck ; and after that it is usually 
dark as Erebus till you are quite" tired of it. If the 
fog of one of the great breweries, or other works, 
which bountifully bestow all their smoke on the 
neighbourhood, happens to pass over you, it is per- 
fect obscurity, more especially if the air which is 
now passing over you happened to be there when 
they were feeding the fire. 

The London fog is no indication of rain, or, in- 
deed, are any of the creeping fogs that are formed 
in the hollows. They are, indeed, the very re- 
verse— they show that the upper air resists and 
keeps down the fog, so that the temperature of its 
own ' humidity is not altered. But the London fog 
has a rain of its own, and that rain is filthy to man 
and pernicious to vegetation. It' rains soot and a 
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" villanous combination" of acricL matters, which 
soil the people and their provisions, even while they 
are in the act of eating. Broccoli, and also the 
close-leaved vegetables, always have a nauseous 
bitter taste in thick fogs. 

But the fog depends on the quantity of moisture 
there is in the earth, or mud^ or whatever happens 
to be exposed to the air ; and so the density of the 
fog must vary with that. Some parts of London 
are on a thick bed of fine dry sand and gravel, which 
allows the water to sink into the ground, so that it 
is not there to cause fog. Others are oh sludge or 
mud, natural or artificial^and that works up between 
the stones of the pavement, forms mire on the sur- 
face, and converts the street into a. very successful 
manufactory of fog ; and other parts again are on an 
exce^ihgly tough clay, the surface of which is kept 
coM by continual humidity and evaporation. 

We may here find a use in observing thie effects 
of the London fog ; for it will be found, where other 
circumstances are the same, to be no bad indicator 
of the healthiness of the difierent, places. Wl^en the 
air is more, than usually humid, and the surfaces of 
the walls in consequence cold, t^iey melt dew out 
of the warmer and* humid air, just as the windows 
of a room' in which there are many people melt 
dew out of the moist and .warm air within ; or as 
the surface of the earth and of vegetables melts dew 
out of the warm air of the evening, which does not 
cool so fast as these solid substances. The dew 
of the fog takes the coat of the fog along with it ; 
and thus, wherever the bricks and stones become 
soonest discoloured, and the former show symptoms 
of decay, and the latter get discoloured with green 
mould, and other little plants, the place, whatever 
may be its height above the mean level, is always the 
most dampxmd unwholesome. WhereVer the bricks 
lose their colour fast, and become granular at the 
edges, it will be found that the mortar is most de- 
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composed, and has an efflorescence of salts of lime 
on it ; and it will be found that the buds. of the trees 
are black, and fuU of cankers, and rusty, and in some 
places breeding fungi^ unless they are natural in- 
habitants of moist atmospheres. The flags in the 
pavement, and even the granite in the streets, bear 
marks of this humid and corrosive nature ; and an 
atinosphere which produces those effect^ cannot be 
the most salubrious for human beings. So much 
for the earth fogs. 

Dew, it has been said, is produced much in the 
same way as these fogs, and the only difference ia 
that the dew is produced odly at or on the surfaces 
of the objects upon which it appears, and is really a 
product of the atmosphere, though it does not fall 
through it ; while the fog is, at least in the first in- 
stance, a product of the surface over which the air 
is ; though, after it has cooled the air down to a 
certain temperature, it may, and often does, bring 
about that state of things which produces dew. 
There are instances, however, in which the fog does 
not bring the temperature of the air down .to the 
dew-point, and these are usually called " dry fogs," 
though they are composed of water, and^ according 
to their densities, contain as much water as those 
fogs which are accompanied by dew. Dry fogs^are 
day-fogs rather than night-fogs, as, of course, the 
surface of the earth does not cool so fast when it is 
merely veiled from the smi by a fog as when the 
sun is down. 

Simple as the process of the formation .of dew-is,,, 
there have been some mistakes and disputes about 
it. Some have written and spoken about ** rising'* 
dew, and others about " falling" dew. But the dew, 
as dew, that is, as visible drops of water^ neither 
rises nor'falls,l)ut is formed on the surfaces; and as 
the air h^s access to all surfaces except the interior 
surfaces of air-tight vessels, the dew may form on 
the side of a substance or under it, just the same as 
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on the top ; for while the water in the air is invisi- 
ble vapour, and floats in the air, it must go with the 
air wherever that goes; and though it is under an 
inverted basin on the grass, there is no reason, if 
the surface cools as rapidly, why there should not 
be 4ew there as well as anywhere else. If, indeed, 
the basin is inverted before sunset', there should be, 
and really there is, more dew there than upon the 
same surface of the exposed grass. Take a large 
flower-pot, and turn it down a little before sunset, 
and leave it a little after sunrise, on the same spot, 
for a week, and you will find a circle of stronger 
and greener gra^s than that around. Even if you 
keep the pot constantly on the place till the grass 
becomes yellow, you will find that it is light that 
has been wanting, and hot moisture. Every gar- 
dener knows that fact, and acts practically upon it, 
when he turns down a flower-pot over his pipings 
of pinks or carnations to make them strike, by nour- 
ishing them with the gentle dew, which their own 
cool leaves melt Oi^t of the warmer air. A sha3y 
tree will refresh^ a man with dew when he escapes 
from the burning sun, even though he be so hot 
that that dew is evaporate4 again before it touches 
him. 

The dew forms into beautiful drops on ' those 
surfaces between which and it there is a sort of 
repulsion. Vegetable leaves when in action have 
that quality, and hence the beauty of the morning 
dew on the grass., If those who are fond.of looking 
at gems woi2d get up in the inorning, when the dew- 
drops are large on the grass, and the sun's rays low 
and slanting, they would, by just sitting or standing 
a few minutes with their back to the sun, get a 
gratis sight of a far finer casket than any monarch 
on earth can boast of possessing. Many people 
make a boast of having been at court, and havmg 
geen the queen in her jewels ; but if they would get 
^p in tioie> they jnight, alm6st any sunny morning, 

R 
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see the queen of nature in her Jewels, and gain both 
health and time by the sifflit. 

One of the most i^autiiul displays of dew is that 
on the web of a spider; and perhaps that of the 
sceptre spider, or large mottled garden spider, is one 
of the best, as the web is large and strong, and the 
rainbow tints of the web are seen along with the 
glitter of the dew-drops, if the proper li^ht is chosen 
— and any one may catch it by moving from side to 
side a Itltle. At a more advanced period of the sea- - 
son, the drops. freeze, and the main braces of the 
web may be taken by the ends and examined like 
little strings of seed pearls. The sjHder is not on 
the web in the dew, and it is doad, or in its winter 
retirement, before the frost. 




Before the heavy dews of late aatumn Bet is, tba 
■pidera have all vanished from the gardens, but their 
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webs remain for a considerable time after, and if the 
frosts are constant, they may be observed for a great 
part of the season^not only gemmed with the little 
pearl drops of ice, but absolutely bristled with hoar 
frost. The quantity of these webs in gardens and 
fields is immense ; and it would be a curious inquiry 
to ascertain what purposes the iVrecks serve in the 
economy of nature, — as it is part of the economy of 
nature that ho portion even- of the refuse of her 
wx>rks is lost. The most dui:;able of those webs is 
that of the great garden spider. 

There is one little matter connected with the 
formation of dew which is worthy of being known, 
because it is, in so far, conducive to the preserva- 
tion of health. Every one must know that in ordi- 
nary states of the atmosphere wind very inuch pro- 
motes evaporation; and many must have felt the 
effects of sitting near an open window, or otherwise 
in a "draught" or ciurrent of air: and that those 
currents are most injurious jvhen they act partially 
on the body. The reason iS, that the current evap- 
orates moisture from, and causes to shrink, that part 
of the body against which it ,sets, so that the circu- 
lation in the capillary vessels which join the arteries 
to the veins, and also in the sm^ll lymphatics, is 
more impeded there than in the rest of the body. 
That unnatural resistance, of course, causes an un- 
natural action, smd stiff-necks and other local rheu- 
matic affections are the consequence. It is matter 
of common observation, too, that the danger is 
greatest when one sits' with one's back to the 
draught, and that it is least when the face is turned 
to it. The fact is, that the draught produces little 
bad effect, if any at all< if it blow only on the face ; 
and one can bear to look a whole day oiit at a win- 
dow, the draught at which would produce a stiff- 
neck, or even a cold, if the back were exposed to it 
for an hour. Now the back of the head and the 
neck have no means of protection against the effects 
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of the current, except the artificial covering that 
may be on them ; but there is self-protection in the 
face. The breath which is expired is heated in the 
lungs, and also charged with moisture. As in the 
operation of breathing, carbon or charcoal, which 
previously existed in probably a solid state, unites 
with the oxygen of the inspired air, and with it forms 
carbonic acid -gas, it might be supposed that cold 
would be the result, as is the case when most sub- 
stances pass from any more condensed state into 
the state of gas. Such, however, is not the fact ; 
other\yise a common fire would cool the room in- 
stead of heating it, and furnaces would harden metals 
instead of melting them> for the chief process which 
goesforws^rd ihthe burning of fuel is the conversion 
of the oxygen of the air ai^d the carbon of the fuel 
into carbonic acid gas. There are, indeed, generally 
other matters in the fuel— such as hydrogen, which 
passes off, mixing with oxygen, in flame, and the 
resuH; is water, which goes up in- vapour with the 
smoke; and various other substances which form 
solid products^ with oxygen. In these the whole of 
the heat which held the oxygen of the air in a state 
of gas becomes free and apparent to the senses ; and 
as the carbon which combines With the oxygen does 
not increase the Volume, while it very much increases 
the density, the oxygen which forms the carbonic 
acid gas gives out a great q^uantity of itel heat ; and 
yet the gas which is formed may nave a higher tem- 
perature than the oxygen. Here we may see, by-the- 
way, why fires burn brightest in cold weather ; and 
why the sunbeams, or any other light,put out ttie fire> 
or make it burn feebly. The colder the air is, if is 
the more condensed, and of course has the more 
oxygen in an equal bulk. Thus it moves faster to , 
the fire, and carries more of the element that feeds 
.4|he fire. . The light expands the air, and that causes 
it to come pore slowly, and also to have less supply 
of oxygen in the same bulk ; and the direct rays of 
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fhe sun so expand the air that the current to the fire 
is greatly diminished, and stops altogether. We 
hence see how very unskilfully many persons blow 
the fire with bellows. They put the nose of the 
bellows close to the fire, and thus drive the expanded 
air upon all parts of the fire, except the little space 
on which the blast acts; and the consequence is, 
that that little portion is very rapidly andunprofitably 
consumed, and the rest of the fire is not at ail im- 
proved ; whereas, if the bellows were kept farther 
off they would blow a much more effective current 
of air against the whole fire. The position of the 
bellows should be sloping upward to the fire, because 
then the air is of the proper quality ; whereas, if the 
nose of the bellows slope downward, the "burnt 
air" — the nitrogen and the products of the fire ace 
blown against the fire, and tend to weaken it. 

The heat produced in breathing does not approach 
nearly to that of flame or combustion, but still it is 
considerable, though it is not easy to distinguish be- 
tween it and the heat produced by circulation. 
There is no reason to doubt that heat might be pro- 
duced by resistance to circulation, and to that of 
breathings among other circulations, sufiicient to 
kindle and consume the body; for though all the 
recorded instances of spontaneous or inward com- 
bustion are not probaUy true, yet so many of them 
are mentioned that they must have at least 'Some 
foundation. We know that when either the breath- 
ing or the pulse of the blood is quickened, either by 
exertion or by disease, the heat increases in propor- 
tion ; so that while the temperature of health varies 
from about ninety-five to one hundred degrees, a 
diseased heat may be as great as one hmuked and 
thirty or one hundred and forty degrees. So also 
when the breathing or the circulation is very Ian- 
^lid the temperature sinks ; and in those faintings, 
during which hardly any pulse or breathing is per- 
ceptible, the body becomes exceedingly cold. 

R2 
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Now, as the temperature of health is very con- 
siderably above the average of that of the air in tem- 
perate countries, and indeed above the average of 
almost any country, it follows that the expired 
breath, which, as has been said, is loaded with the 
superfluous moisture of the body, must have a ten- 
dency to produce dew upon the colder air against 
which it is breathed. In dry and warm states of 
the atmosphere that dew is not observable, though 
even then the breath will stain a mirror, if held near ; 
but when the atmosphere is cold or moist, the breath 
of man and of all the warm blooded animals be- 
comes visible; and in keen frosts, a man's own 
breath will cover his hair with hoar frost, and even 
form ice upon his face. But the same heated moist- 
ure of the breath which becomes apparent in those 
cases exists in every case, whether circumstances 
render it visible or not, and thus it becomes a pro- 
tection against draughts or currents of air. These 
blow the warm and moist breath against the face ; 
and that instead of parching it, as the common air 
would do, dews gently upon it, and protects it from 
injury. The effect is much greater than one would 
suppose ; for if one stand with the head bare when 
the wind blows keenly, one can bear it longest by 
facing it. it is not a little curious that the danger 
of catching cold should, like all other dangers, be 
greatly diminished by being faced. 

The mists, or dews, which are formed in the 
higher regions of the atmosphere, are of a very dif- 
ferent character from thos6 that are formed on or 
near the surface of the earth. The earth-mist, as 
we may call the lower one, before it can rise up- 
ward in the air, and disturb the state of things 
there, has the resistance both of gravitation and co- 
hesion to overcome ; whereas, the descent of a mist 
or cloud, formed in the upper part of the sky, has 
both of those resistances as powers acting in favour 
of its descent. That consideration helps to explain 
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«o many of the phenomena of the weather — ^phe- 
nomena which are very important for the triple pur- 
poses of pleasure, utility, and health, that e^ery one 
who is to observe nature, so as either to be pleased 
^r profited by it, should understand them thoroughly. 
Water can be suspended in the air without f;^ng 
«nly when it is in very minute drops ; and as the 
density of the air decreases as its height above the 
mean surface of the earth becomes greater, the in- 
dividual portions of water that it can hold without 
falling, at any given elevation, must be in proportion 
to its density at that elevation ; and thus, if we sup- 
pose water to rise by evaporation from any point in 
perfectly still air, t!le vapour which arises from that 
point will form an inverted pyramid in the atmo- 
sphere ; and however the upper part of that p3nramid 
may be expanded, it cannot contain more water in 
the highest foot of its height, than it does in the 
foot next the point from which the vapour rises. If, 
instead of a point, the vapour rises from a surface — 
say that of a circular lake one mile in diameter, — 
the vapour will, as it ascends, if there is no wind or 
current to carry it to one side rather than to another, 
spread out towards all sides ; so that when it comes 
to air of only half the density of that on the surface 
of the lake, it will extend nearly a mile all round; 
and as it ascends higher, it will spread wider and 
wider, till, at the upper part of the atmosphere, 
where we must suppose the density of the air equal 
to nothing, it will be diffused round the whole globe. 
If we coiHd see it, it would be a phenomenon of the 
greatest beauty ; for the slope of it would not be a 
straight line, but a logarithmic spiral, similar to that 
chosen by those consummate artists the gothic 
builders, by means of which the arches that spring 
from the columns and corbels melt so beautifully 
and so naturally into the roof, that all notion of one 
part supporting another is lost to the perception, and 
:the feeling that wo have is that the roof is self- 
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balanced, aiid would float in the air even though the 
walls and upright pillars were removed. St. George's 
chapel is one of many instances of that most sub- 
lime and most natural of all styles of architecture ; 
and there cannot be a better material incentive to 
rehgious feeling than the view of a roof which even 
to common observation is independent of gravitation 
— the test and characteristic of every thing material. 
The pendant drops which belong to the same style 
of architecture have the same aerial and floating 
character, just because the curves by means of 
which they melt into the ceilings are logarithmic 
curves ; and it is not a little remarkable that when 
two pieces of flat glass are placed on edge in a 
coloured liquid, with their one ends touching, and 
their other ends a little asunder, the coloured liquid 
rises between them, so that its upper edge forms the 
same kind of curve ; and that is a proof that, if we 
could see it, the column of evaporated moisture 
would have the same beautiful and self-balanced 
appearance. 

It may seem not a little singular that the Catholic 
architects should have applied to the roofs of their 
churches that very curve, by assuming which water 
hangs poised in the air; and that consideration alone 
should teach us to pause before we arrogate to our- 
selves, in these modem times, the perfection of all 
science. Columns and an architrave, proportion 
them as we will, and sculpture them as we may with 
the richest foliage and the most graceful figures, 
have still all the heaviness of lumpish matter about 
them. The columns seem pressed by the archi- 
trave ; and if that is overloaded, or the columns too 
far asunder, the building, however graceful the indi- 
vidual parts, however costly the materials, and 
however exquisite the workmanship, is painful to 
look upon, because we feel as though it were unsta- 
ble, and about to be crushed by its own weight. Even 
if it is a circular arch, we feel ^prehensions for its 
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stability if it exceeds a certain span, though we have 
the rainbow and the sky to give us impressions of 
the stability of the circle ; but in the case of those 
logarithmic curves, we never feel that a large span 
is less stable than the very smallest. 

Here there is one consideration which, though it 
cannot be said directly to belong to the observation 
of nature, is yet worthy of a little meditation. It is 
this : — The Grecian and Roman architecture, which 
probably carries the proportions of material form as 
far as they can be carried in respect of beauty, just 
as the statues of their gods and goddesses carried 
the proportions of the human figure to a degree 
even of ideal perfection, — that architecture and that 
statuary were the art of a people whose gods were 
material, — the perfection of material gods, if you 
will ; just as the architecture and sculpture were 
the perfection of those arts ; but still the gods have 
the idea of material beings inseparable from them, 
just as much as it is impossible to separate the idea 
of weight and pressure from a Grecian or a Roman 
buiWihg. On the other hand, the logarithmic curve 
belongs to Christian architecture, to the true reli- 
gion^to that religion whose God is a Spirit; and 
therefore, though the coincidence is a wonderful 
one, it is in perfect congruity and keeping that the 
roofs of the fanes devoted to his worship should be 
thus divested of all the apparent heaviness, and don- 
sequent fall and decay, \yhich are the inseparable 
attributes of mere matter. 

While the evaporated moisture is ascending in 
this h)rperbolic form (and the wind only gives it an 
oblique direction, by blowing it to one side) gravita- 
tioh resists its ascent, its own cohesion resists both 
that and its lateral spread, and the resistance of the 
air opposes both. It is the same with every thing 
that rises by evaporation, or dispersion, through the 
air, — ^with odours, with sounds, and eVen with the 
air itself, when it is heated by some local cause at 
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the surface, and mounts up through the rest of the 
mass. If the air were perfectly still (which it never 
is), and the dense smoke of a furnace rose up with 
perfect uniformity (which that also never does), we 
should see the hyperbolic column mounting and 
swelling till the upper part of it became so thin as to 
be invisibl^f and it seemed to melt away into the 
air, both upward and laterally, with the most finely 
melting shade imaginable. And even as it is, al- 
though the smoke is alw:ays irregular in its quantity," 
and though those veryjrregularities produc^^ little 
currents in the air, which throw the smoke into 
curling volumes, an eye well disciplined in the ob- 
servation of forms can trace the hyperbola in its 
general outline, even when it is blown aside by a 
pretty smart breeze. The side opposite the wind is 
always more bent than the windward side, so that 
the column broadens as it gets distant from the 
chimney; and we have only to imagine it to be 
raised straight and the inequalities of the epds to be 
arranged, in order to have a very clear notion of 
what it would be if the causes of disturbance were 
removed. 

The descent of a clotid, of a column of cold air, or 
of any thing else that can be so dispersed through the 
atmosphere, is just the reverse of its ascent ; and 
therefore its form, if it were visible and undisturbed, 
would be hyperbolic, only with a downward motion, 
in place of an upward one, as in thje former <;ase. 
The motion would, however, be more rapid ; and for 
that reason the descending hyperbolic mass would 
converge, or come together, more rapidly than the 
ascending one spreads, ilt is true that as it descended 
it would meet with more resistance from the denser 
air ; and also from the upward current of air and of 
heat from the earth's surface, if the place under it 
happened to b^ warm ; but still the weight of the 
descending matter itself, the velocity it had acquired 
in descending, and the attraction of cohesion be- 



GRAVITATION AND COHESION. 203 

tween its own particles, or portions, would all act in 
favour of the descent and the convergence, whereas 
they act in opposition to the ascent and the spread. 
Were that not the case, we should have water rising 
in showers, just as often as it falls in showers, or, to 
speak more correctly, there would neither be the 
one nor t lie other; because^ wherever it happened 
to be, the water would remain quite stationary. 

To understand well how nature works, it is abso- 
lutely necessary to have clear and perfect vie ws t)f 
what may be called her elementary working, that 
working in which there is no organisation of parts, 
and no individual substance which we can in any 
way distinguish and observe. That, though it is not 
the first we come to^ inasmuch as it is not apparent 
td the senses, is the true beginning of observation ; 
and unless we comprehend it, we lose the greater 
part both of the pleasure and the profit of the obser- 
vation of individual things. 

The cause of- descent is gravitation ; the causq of 
aggregation, or bringing together, or condensation 
of any -kind, is cohesion ; and the only force which 
we know that dan act in opposition to, or overcome, 
either or bath of these,, is heat. Gravitation is, as it 
were, the tie of all matter, without reference to any 
thing in particular kinds of matter, but just their 
quantities. Cohesion is the particular tie which 
holds together the several kinds of matter, and it is 
perhaps the ultimate foundation of all their differ- 
ences. The motion of heat overcomes gratitation 
only by loosing cohesion ,-^by so dispersing the parts 
of a substance as that they shall rise upward through 
a substance, specifically lighter than that which their 
form was before they wefce dispersed. Thus, when 
heat acts so as to expand, and thereby to elevate, 
it has always two resif^tances to contend with; 
whereas, when heat is diminishing, and concentra- 
tion and descent are taking place, these two act 
jointly against the heat ; and both of them act with 
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vigour, increasing inversely as the squares of the 
distances from their centres of action. 

Even admitting that moisture floats in the atmo- 
sphere to the highest eleval;ion at which that is esti^ 
mated to have sensible weight, which is about fifty 
miles above the mean surface, that is only one-eigh- 
tieth part of jhe distance of the mean surface from 
the centre, so that, from mere gravitation alone, the 
same quantity of water, when it reaches the surface, 
will have only about one-fourth more gravitation 
than it would have at the height of fifty miles. 

It is very different with the cohesion, or, as it is 
called, when the substances are not touching each 
other, the attraction of cohesion, because the centre 
of that, is in the body itself; so that, when,ever from 
any cause, and that cause may be generally, if not 
invariably, said to be a cboling, of suspension of 
heat, the moisture in any part of the air becomes 
more dense than that in th,e surrounding parts, the^ 
centre of that part instantly becomes a centre of co- 
hesion ; and those particles of water which are sito- 
ated at half the dist^de have four times as mUch ten^ 
dency towards that centre, and so on for all other 
distances. 

Thus we see that the tendency of moisture in the 
air to form a cloud is much greater than the tend- 
ency of that cloud to fall after it is formed ; and 
that it is so without reference to any thing else than 
the three principles of gravitation, cohesion, and 
heat,— principles which, in themselves, contain the 
abstract of the whole philospphy of mz^tter. It is 
not unusual to call iii at this stage of the business 
the assistance of ideal causes, much after the same 
fashion as those who know not the true God wor*- 
ship idols, or those who are ignorant of the truth 
give currency to any untruths ; but the careful ob- 
server of nature should be especially on his guard 
against false causes ; for it is in them* that all error* 
in the knowledgt^ of nature l|es. It hashotbeea> 
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unusual to delegate the process of cloud-making to 
electricity, to magnetism, and to the aurora borea^ 
lis; but in all probability, though there may be other 
and accompanying appearances of those states of 
the atmosphere that precede or accompany rain, we 
have no more reason to beliere that they are primary 
or active agents than we have for believing that a 
Lapland witch can raise wind, or fairies prank the 
sward with circles. Those last-mentioned causes 
were once in as high repute as any of the witch and 
fairy superstitions of philosophy ; and though those 
who know better have discarded the witch and the 
fairy, there are people who still bow down to the 
other idols. 

Electricity, and the other supposed disturbing 
causes of the atmosphere that have been mentioned, 
are mere appearances which matter under circum- 
stances, some of which we do and some we do not 
understand, puts on; smd as it is contrary to the 
whole tenor of our observation to believe that a 
mere appearance can act, in any way whatever, we 
should treat those appearances as sensible people 
treat all appearances — that is, we should say nothing 
about them which we do not understand. That 
which we call a substance, or matter, is not mere 
appearance, or even an accumulation of appearances, 
it is an inference from those appearances and the re- 
lations in wMch we observe them ; and as that infer- 
ence and the perception of those relations, are acts 
of the mind subsequent upon observation by the 
senses, we may conjecture and speak of it, and make 
discoveries with regard to them by the mind only, 
even though all our senses should become oblite- 
rated ; but with regard to mere appearances they can 
be known only tl^ough the medium of the senses ; 
and beyond observation every attempt is an error. 
Nor is there anv necessity for inventing new powers 
or principles, for the three that have been stated, 
«re perfectly sufficient to produce every appearance 
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and every change of appearance that we can ima ' 
gine — for we can rationally imagine nothing but a 
modification of something we, by the operation of 
mind, have seen altered in its relation ; and it is no 
more violation of propriety to suppose* that the same 
heat which keeps the body warm in life, which 
labours in the- furnace and cooks in the fire, and 
which brings us the beauty of summer and the abun- 
dance of autumn, can sport in the aurora borealis, 
guide mariners in the needle, or blaze in the light- 
ning, than it is to suppose that the never-thawing 
ice of Mont Blanc could be a river or part of a tree, 
or a human body, or that its component parts might 
become the fuel of the most intense flame that is 
known, and that they are the chief materials in the 
flames of our common fires. 

At whatever place of the atmosphere water remains 
in a state of rest, the heat is always such as to bal- 
ance to the utmost nicety both the gravitation and 
the cohesion; and it is only the air which at the 
same point admits of variation. The others are, 
compared with it, dull and passive properties ; and 
they act only when heat is suspended, though when 
once begun, they increase at the rate which has been 
mentioned ; and, as their action goes on, and water 
has no solid cohesion at a temperate heat, the result 
is most conspicuous as gravitation. 

The extreme mobility of the air favours the action 
of all these principles ; and that is the reason why 
the aerial state is to be regarded as the elementary 
state in the formation of all material things. Easily 
as the air is moveable at the surface of the earth, it 
must become more and more so as we ascend above 
that surface, till at its upper ^mit we can hardly 
imagine that it offers any resistance at aJl. We, 
indeed, know nothing about absolute limits in nature ; 
but where there ceases to be any resistance is the 
limit tb our observation, and therefore there can be 
no knowledge, and need be n6 speculation beyond. 
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As, firom its utmost density, at the bottom of the 
deepe^ pit or crevice in the earth to which it can 
reach, to its utmost degree of rarity in those ele- 
vated regions where, if we could ascend to it, it 
would elude t^e observation even of our muscular 
feeling of resistance, whiph is our primary as well 
as pur ultimate test of the existence of matter, the 
atmosphere in all the compounds of which it is made 
up, stands in the same perfect equipoise between 
heat and those other principles which are the antag- 
onists of heat, it follows that its susceptibility of 
change must be everywhere in the inverse ratio of 
its density ; and that a difference of temperature will 
produce, m the upper or rare and delicate regions 
of the atmosphere, very g^eat degrees of motion and 
disturbance, although it would produce no sensible 
effect in the denser portions near the surface. 
Those upper parts of the atmosphere may be re- 
garded as being sensibility itself, just on account of 
the inconceivably small portion of matter which 
there is in any assignable space. If we could sup- 
pose that the last space of the atmosphere, taken 
even to a mile in thickness, could weigh a grain, or 
even the millionth of a grain, we should still be on 
the ground of observation, and not have arrived at 
the limit. At the limit both gravitation and cohesion 
are in the very article of entirely losing their do- 
minion, and heat is beginning to be all-powerful. 
At that boundary, therefore, there is really nothing 
measurable, or even moveable, that can retard mo^ 
tion : and so it is perfectly consistent to suppose 
that the air moves, or, which is the same thing, the 
wind blows there with a rapidity equal to that of 
light itself, if not greater, and yet that, though we 
were exposed to its current, we should be no more 
sensible of the impact of that current than we are 
of the impact of light, which comes to us without any 
difference of temperature from that of the body, and 
falls not on the eyes, 
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A.S, we deacei^d downwards from that limi\ of ex- 
trcii^o citiiiot^i^hertc rarity and gravitation, afhd cohe- 
^uu b<H;oi»^$ more and more sensible, the motion 
lu oUuo<?d by the same variation of temperature must 
giaduiiUty become less and less ; but the atmosphere 
iii jio rare even where densest, that it is probably 
more sensible to changes of heat than even our 
sense of muscular , resistance ; and therefore we 
cannot evfen feel it to any thing near its boundary. 

Thus even at moderate elevations, elevations not 
greater than the summits of our loftiest mountains, 
the atmosphere may be thrown into very great 
action by very slight causes ; and the very first 
pencil of the morning light which streams upon an 
atmosphere thick enough for dividing that light, and 
sending down the extreme violet of the spectrum in 
a glimmer of dawn to us, may, in the red and more 
energetic part, give to that light air a degree of mo- 
tion which shall send it completely round the atmo- 
sphere, before the other part of the ray can reach 
us from probably not the thousandth part of the dis- 
tance. 

But though, in those upper parts of the atmo- 
sphere, there is the least matter in the saAie ^pace, 
i^e must not on that account suppose that nature is 
there least active. We have noticed, again and 
again, that matter is the clog of motion ; and as the 
most active substances that mingle with the atmo- 
sphere have the greatest tendency to ascend in it, 
we may properly suppose that they occupy the 
upper parts of it ; and that their motions and oppo- 
sitions are not only perfectly adequate to the pro- 
duction of all thp luminous meteors that appear 
there, but also of forming out of the scattered mate- 
rials which float at that airy height, the meteoric 
stones of which so many are recorded as having 
fallen to the ground. 

Lower than that, but still in "air so fine that it 
will float nothing that can be visible to our sight as 
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matter, wfeatever it may- be in appearance as light, 
there 'may be a perpetual formation of clouds, not 
one of which may be able to find its way through 
the denser and warmer air below. In those high 
regions of the air there must indeed be an action of 
heat in the atmosphere much greater than that 
which takes place on the earth, otherwise there 
could hot be snow on the summits of the loftiest 
mountains. On some of those mountains there is con- 
tinual frost, except in the direct rays of the sUn, and 
even a lower temperature than that at which, mider or- 
dinary circumstances, water freezes. It is true, that 
as the whole, or at least the greater part, of the sun- 
beanis is reflected back into the atmosphere by the 
white snow, the air around those lofty summits must 
be warmer while the sun is shining than air at the 
same elevation over plains. That is the reason why 
travellers who have ascended the Andes and other 
mountains of great elevation have described them- 
selves as being above the clouds; and they no doubt 
have been above the clouds of the plain and the val- 
ley, just as a man o^ Highgate Hill or Hampstead 
Heath is often above the London fog; but if they 
had dwelt for months at even the highest point that 
the human foot has trodden, they would have found, 
though they might not have survived to tell, that 
they were not above the clouds and storms of the 
mountains. The inhabitants of South America, of 
Chili in particidar, have roads, and also work mines 
in the Andes, far above the limit of perpetual frost. 
But elevated and cold as they are, and rare as is the 
atmosphere upon those dreary heights, they by no 
means enjoy a peaceful sky. The ^* temporaJes" 
which rage there are perhaps more violent, both in 
the fury of the wind and the thickness of the snow, 
than in any other part of the world, — as the number 
of crosses set up at death-spots, and the number of 
bones (of those who have been blown over the preci- 
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pices) that lie bleaching in the desert, but too truly 
and emphatically proclaim. " 

But though the clouds which form there produce 
effects so disastrous and fatal, it is probable that 
they could not find their way down through the 
mass of atmosphere that lies between that elevation 
and a low plain ; but they show that the atmosphere 
can act as powerfully at those heights as in any 
other situation, more so indeed than upon the sur- 
face of a level country, and more especially of a 
country covered with trees or other tall vegetation. 
There is a resistance to the wind by friction, as it 
passes over these ; but the swell of the air comes 
full and uninterrupted upon the mountain, and as those 
temporales prove, the loss of weight may be more 
than made up by increase of velocity. 

There is also little doubt that the mountain draws 
the atmosphere and the atmospheric moisture 
towards it, notwithstanding that it is cold, and that 
the general motion of the air on the surface is 
towards the warm place. Over white snow, the air 
when the sun shines is warm, — very warm as com- 
pared with that over a vast and black surface at a 
much smaller elevation. • Of course the air ascends 
in consequence ; and the very snow on the mountain 
has a self-maintaininff property, though it is contin- 
ually refreshing the lower places with springs and 
streams. 

But though the atmosphere over high mountains, 
warmed as it is by th^ heat reflected from the snow, 
raises moisture higher than the atmosphere does 
over plains, yet it is less able, in cases of change of 
temperature, to sustain that moisture. If the moun- 
tain is so high that the air has only half the density 
that it has at the mean level of the earth, then the 
sAme volume of it wiU support only half the weight, 
whether of cloud or df any thing else. Thus the 
very same texture of cloud which is a fog over the 
city, or a creeping and even a dry mist in the valley, 
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may be a very wetting rain on the mountain. Every 
one miist know the saying that " a Scotch mist will 
wet an Englishman to the skin ;" and the fact is 
correct, both as to Scotch and to all other mists, 
provided they be mountain mists, and at a sufficient 
height. A stranger, when he sees a light white 
mist trailing in detached parts, among the crags and 
hollows of the mountain above him, lighter to all 
appearance than the lightest "sea-rack," which 
plays by the beach on a May morning, so dry that it 
will not " dew" on a cobweb, heeds it no more than 
he would heed that. But when he enters it he finds 
his mistake. The drops are no doubt much smaller 
than those of " lowland" mists ; but they are three 
to one at the least, and they do not hit and dash off 
by means of the force with which they strike, as 
the large drops do. They all adhere ; and when it 
is quite calm, as it often is when they are falling, 
and when the cloud just obscures but does not hide 
the sun, the stranger has a chance of being " wet 
through," before common notice has made him sure 
that it is raining. The minuteness of the drops not 
only allows the solar light to come dimly through the 
cloud, but it causes that cloud to look white at a 
distance, which increases the deception. 

Nor is it only when they form around mountains 
that these elevated clouds produce rain, or lead to 
its production, for they have similar effects when 
they form in the atmosphere. The ** curl-cloud" 
which appears streaky in the uppermost part of the 
sky, and the circle of vapour which is often seen 
round the moon, are much more. certain indicatioits 
of bad weather than much denser clouds that lie 
lower. A cloud that just floats is as^^eady to fall at 
any one height as at any other ; but the higher up 
that it is the less action puts it into motion down- 
ward. The higher cloud thus, as it were, commands 
the whole atmospheric action ; and though the heat 
and drought of the earth ^d lower part of the atmo- 
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sphere may resist it, aiid dissolve it again and aga>a, 
if the cause continues to act in the upper part of the 
atmosphere, the earth and the lower part must, in 
the end, give way, and rain must be the consequence. 
The cloud, too, or the " gum," as it is sometimes 
c^ed when it is merely a tinge of colour without 
any definite and limited shape, intercepts part of the 
light and heat of the sun, and thus lessens the resist- 
ing power of the lower atmosphere and the earth, and 
that hastens the coming of the rain. The gummy 
appearance is probably even more suspicious than 
the curl-cloud, because it shows that a region higher, 
and therefore more sensible, is aflected, and it also 
shows that the cavse is more widely extended. 

The quantity of water which the air can sustain 
in a state of vapour, supposing the air to be of the 
same density, diminishes more rapidly than the 
temperature ; and thus when two currents of air of 
different densities meet, a certain degree of precipi- 
tation of moisture always takes place ; and if the <hf- 
ference of temperature be considerable, and the 
currents, or any one of them, rapid, instant rain may 
be the consequence, and continued rain may be the 
consequence of their continuance. Spring and sum- 
mer showers come on far more suddenly than the 
rains of autumn and winter ; and the wind always 
shifts before the continued rains begin to faU. The 
upper currerjt may be considered as the one which 
more immediately produces the rain ; although clouds 
may be borne across the horizon by the under cur- 
rent long before any rain actually begins to fall. 

But the currents of the air do not always blow 
the one above the other, or the one in opposition to 
the other. Air moves with equal ease in all direc- 
tions, whatever they may be, if the impelhng force 
tends that way. So that there are often many cur^ 
rents, moving in different directions and with differ- 
ent velocities within a very small space. These 
give rise to innumerable compound motions^ the 



CURRENTS IN THE AIR. 219 

causes of which it is impossible to separate, or in 
any way to understand, unless when they produce 
some specific effect upon visible substances. 

When different currents set obliquely against each 
other they produce a double motion, one circular, 
and the other progressive. The circular motion is 
a whirlwind, and it may have any degree of force, 
from that which just twists the finest blades of grass, 
or stirs the lightest dust on land, or dimples the 
water with faint revolving circles, to that which 
twists up trees by the roots, or wrenches off their 
boughs, and raises them in the air, or wrenches the 
masts of ships, or twists up the sea itself in water- 
spouts. As the two winds which produce the cir- 
cular motion of the whirlwind are seldom of equal 
strength, the whirUng follows progressively the 
motion of the more powerful ; and as winds, more 
especially land winds, where the surface is much 
varied, blow in gusts, the centre of the whirlwind, 
whether it be shown by a column of dust on land 
or a column of water at sea, is very seldom a straight 
line, or the same curve for two successive seconds. 
The first whirlwind is often taken in another circu- 
lation as it moves along, and thus it is made to de- 
scribe circles in its progress. The same thing may 
be observed in the water : a little revolving dimple 
often floats down the stream, tiU it is taken in the 
eddy of a reach, and there it will keep whirling for 
many revolutions before its own motion be overrun 
by that of the eddy. 

Many of the whirling motions of the air never 
reach the surface of the earth; and so the only 
means that we have of judging of them are the 
clouds. These are often in very wonderful commo- 
tion ; and especially before thunder-storms, it is no 
unusual thing to see them moving in twenty diflfer- 
ent directions at different rates, while some are 
whirling round horizontally, others tumbling in a 
vertical manner, and others again moving backwards 
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uid forwards between the larger masses, as if inviting 
them to come together. 

Those currents and commotions are always most 
conspicuous when the clouds are congregating be- 
fore thunder-storms ; and when they appear in several 
masses of strata, the one above the other, there are 
as many currents of air of different temperatures, 
moving in different directions, and q2ingling together. 
In these cases there is often no general motion of 
the mass of the atmosphere, in all that part of its 
height which the masses of cloud occupy ; and it is 
frequently, generally indeed, a deud calm on the 
surface of the ground, while the motionless state of 
the thin white curl-clouds that appear through the 
openings shows that there is not much apparent 
agitation in the upper air. Nothing is more decep- 
tive, however, than the apparent lightness and clean- 
liness of these white curls. Theirs is the region 
of atmospheric sensibility ; and their great heiglit 
diminishes to our view both their magnitudes and 
their motions : and though they appear to be above 
the gathering storm, the probability is that they are 
the real agitators in the whole, — unless there be 
some cause in the surface of the earth, such as one 
place scorched to almost absolute dryness, while 
another retains its average degree of moisture. A 
large city, a barren moor, or an arid down may, in 
very hot weather, which has been long continued, 
be the means of producing those motions in the air, 
the result of which is a thunder-storm ; but thunder- 
storms that have that origin are generally very locsd, 
and of short duration. 

If the storm has its origin in the upper regions 
of the air, its primary cause must be at a greater 
distance, and consequently more powerful, as it can 
propagate its action through a greater volume of 
air. The storm itself is therefore more widely ex- 
tended, and of longer duration ; and indeed it gen- 
erally brings a change of the weather. In those 



THUNDER-STORMS. 216 

cases, it is of no consequence to the motion of the 
storm , whether it be that the disturbed air comes 
from the distant place, or a steady current comes 
from that place, and acts upon disturbed air at the 
other. But there is a very marked difference in the 
change of the weather ; for if the disturbed air come, 
it brings broken or rainy weather ; and if the steady 
current come, it drives the bad wearther away. If 
it has been a tract of dry weather, and if curl-cloud 
appears, and then a thunder-storm follows, we may 
be sure of a tract of bad weather ; and if after con- 
tinued alternations of showers and warmth, and cold 
bleak winds, thunder ensues, we may be equally 
certain that the weather will clear up. The former 
case is, however, in the temperate latitudes, by far 
the most frequent. The dry ait in fine weather is a 
much quicker conductor of heat than the moisture 
in broken weather ; and when the earth is dry it 
both reflects and radiates heat, whereas the wet 
earth produces cold by evaporation. Besides, there 
is no attraction of cohesion between the dry earth and 
the water that forms a cloud ; while between the wet 
earth or water, and that water, there is the very 
same attraction of cohesion by which clouds are ac- 
cumulated in the sky. The cloud thus comes down 
to the moist surface, and avoids the dry ; and even 
those thunder-showers that have their causes on the 
surface of the earth follow thick leafy woods and 
the courses of the rivers. Even in mountainous 
countries, though the local thunder-clouds do some- 
times strike the peaks, they much more frequently 
plough up trenches in those elevated heights which 
abound in moist peat earth, and are always saturated 
with water. That (as indeed all the occurrences 
which are perfectly natural are when we once un- 
derstand them) is highly beneficial. Where the 
cloud strikes it usually falls, and the water which 
falls upon those heights does not so soon run to 
waste as if it fell on the peaks. 
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When the thunder-storm iS followed by fine 
weather, it is said, in common language, that *^the 
thunder clears the air ;" but though the fine weather 
follows the thunder, it is no more the cause of that 
fine weather than the battle in which one party is 
vanquished is the cause of peace. The thunder is 
the battle, the resistance msude by the bad weather 
in opposing th« good ; and the good weather takes 
possession of the atmosphere only after it has van- 
quished and driven off the bad. 

When the bad weather invades any place in a 
thunder-storm, the appearance is often very grand. 
The wind may have been blowing steadily from the 
same point for weeks ; and some pecuharly bright 
day (for the first sign of an invasion of the horizon 
is commonly unusual brightness) the wind may keep 
its point all the morning, till about twelve o'clock, 
without a particle of curl-cloud, or any one suspi- 
cious appearance, save the unusual fineness of the 
day ana purity of the air. Now although those* 
treacherous days were known and named " halcyon 
days," by the ancients, and are still well known to 
the northern fishermen by the name of " weather 
g€UlSy^ that is, worn, weak, or cracked parts of the 
weather, yet they are not much heeded by ordinary 
observers. Well, about twelve or one, on one of 
these days, when it is delightfully clear, and at the 
same time (nost intensely hot, in consequence of 
there^ being no evaporation to cool the air; and 
when, in consequence of there being no evaporation, 
the leaves do not languish, as they do in a dry atmo- 
sphere ; a little cloud, with an edge as well defined 
as if it were a perfect solid, makes its appearance 
in the point of the horizon just opposite to the wind. 
If it happen to be in the point opposite the sun too, 
and in some places it is generally from that point, it 
is at first as white as snow, and might pass for the 
summit of a distant snowy ridge. There is no light 
cloud strewing before it, as there generally is in the 
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case of those clouds that ride quietly on '^ their own 
wind." Its whiteness is a proof of its density ; for 
it shows that it has body enough to reflect the entire 
light of the sun, and so the shady side of it will be 
as black as the sunny sid^ is white. [It ip the same 
kind of treacherous appearance which we have in 
the white curl-clouds,— they are white, not because 
Ihey are rare, but because they are. dense, and the 
whiter the denser.] 

The flrm outline is occasioned by the resistance 
which the cloud encounters, and the pressing of it 
between the two winds would bring it down in rain, 
only that the opposing wind blows under it, and the 
heat of that and of the earth repels itnipwards. The 
top projects the most, but both that and the under 
siae are turned back in a sort of hetid, like that of a 
streamlet when it rolls before it a stone which its 
force can barely roll, and no more ; so that, long 
beTore it reaches the zenith, there is a deep shade 
upon it, adl but the front edge, which, as it pushes 
on in curved scaUops, shows white sometimes on 
one, and sometimes on another. When its edge is 
about the ^enith, it appears to move with greater 
velocity, as it is then nearest to the eye. As it ap- 
preaches the place of the sun, the edge becomes 
very splendid ; and as there are places which admit 
only the red rays of the sun and the heating rays to 
pass through, some of the tints are dism A. The red 
li^ht through the thinner parts of }he cioud,^ mingling 
with the reflected green from the earth, gives the 
oloud and the air under it a very smouldering and 
muriiy appearance, as it the sky were sibout to be 
on fire. If the cloud is to break where the observer 
is, the lightninf^ usually begins about that stage ; the 
first flashes bemg in the d^oud, that is, through thm 
dry air that separates the different strata, and the 
thunder is low and growling. But efery flash brings 
some of the strata together, and the collected mass 
descends towaids the earth with increasiiig veloci^ ; 

T 
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but if the surface of the earth is flat, the lower sur- 
face of the cloud also continues flat till it is near 
the earth ; and then its approach is not without 
danger, as the longer that the cloud holds together, 
the stroke is the more vioknt ; but then, although 
more powel^ful, the flashes of lightning ar^ fewer 
than, if partial discharges took place. When the 
discharges from an equal accumulation of cloud are 
partial, there is* little action between the different 
strata of the cloud, until there has been action be- 
tween the lower stratum and the earthy and in those 
cases each stratum of cloud descends and thunders 
to the earth. At such times the curlings of the dif- 
ferent parts of tiie cloud are very striking, for they 
are so dense that they all seem^olid, and as there ts 
air between them, the openings appear to penetrate 
many miles into the sky, and yet it may happen that 
the most distant cloud is the blackest ; as the lower 
ones, that have discharged their thunder, are meH- 
ing in rain, and aa they then allow a passage to the 
red light, the lower sky is exceedingly murky. The 
fall of the rain is often as fantastical. After each peal, 
which reverberates as if a stone arch were rattling 
down in pieces, the rain falls with the heafllong resH 
of water when it bursts its barrier ; but the rain is 
often over -before the last* echo of the thunder-clap 
has Gtfased. Yet the silence and jcessation of rain 
are of very slhort duration ; for it is barely fair, when 
another black mass descends, discharges its thunder, 
and lets fall its rain f and that is succeeded by another, 
anil another, till* the whole cloud is exhausted. 
Sometimes those splendid ^ouds sail majestically 
over without disturbing the atmosphere through 
which they pass ; but when they do break, there are 
«K) atmospheric phenomena so sublime, or that im- 
body so much of varied information in so short a 
time. The impressiveness of thunder-storms ren- 
ders them among the best studies for beginners in 
the observation of nature. There is often a sul- 
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phureous smell accompanying thunder, just as there 
IS accompanying earthquakes, which shows that 
there are other atmospheric ingredients acted on by 
the commotion of the w^ter and the heat. 

Whea water remains on the ground is the liquid 
state, its operatiooB are more open to unguided ob- 
servation tnai) when it is on its aerial passage trota 
the sea to the land ; and its natural uses there are 
much more profitably viewed in connexion with 
those substances and productions to which it is use- 
fiil. But on the earth*s surface, and even in cavities 
within the earth, heat has the same kind of effect 
upon it..as when it is in the atmoyhere. Boiling 
springs are among tl^e most curious of these phe- 
nomena; and one of the most remarkable is the 
great Geyser in Iceland, which is a sort of natural 
steam engine, which, like some of the high-pressure 
s, blows its steam into the air. 




Great part of Iceland is volcanic, and there is no 
doubt that there are many curious caverns that have 
been formed below ground, as there are in all volcanic 
couutries. The Geyser appears to have a boiler, 
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which opens downward into the well or pit that 
Bupphes the water; and, whatever the heating cause 
is, whether wasm air or warm earth, it converts the 
water in that boiler into steam. The steam is con* 
fined by th^ pressure of thd" column of water in the 
pit or well, which is open to the air. But w*hen the 
steam reaches a certain heat, the pressure of the 
column can no longer resist it, and it forces the 
water up in a high and powerful jet. The steam, and 
most likely also heated air, escape along with the 
water, ana the water is cooled, so that it sinks down 
in the pit, and again enters the boiler, so as to shut 
the opening till the steam be sufficiently powerful 
to dnve up the Column of water. 
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SECTION VIII. 

Observation of the Water and the Earth, 

Notwithstanding the length to which the preced- 
ing section has extended, it coiftains only a few hints 
on an exceedingly limited number of those conclu- 
sions relating to th0. agency of air and water in the 
econdhiy of nature, to which even the most common 
observer mitet arrive, if he reflects as well as ob- 
serves. There is scarcely any thing natural that 
happens in which Sne or ipth of these substances 
ar6 not concerned^ either as materials, or as media 
by means of which other substances are enabled to 
act upon each other. Thun, whatever we observe— 
be it m the solid earth, down to the bottom of the 
deepest mine — ^be it in the «>cean, *' deeper than 
plummet ever sounded" — ^be it in the atmosphere, as 
nigh as a foot can climb or a wing cleave, a vapour 
ascend or a meteor be formed — ^be it at any time, 
or at any place — ^be it in. plants, from the little 
moulds of which the spor(B or seeds probably circu- 
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late viewless in every current of the air, every rush 
of the water, every motion of sap in the plant, and 
every pulse of life in the animal, to the giant pine of 
Western America, which stands proudly in mid-air, 
towering over the forest, as some tall cliff does o'er 
the pebbles at its base ; or the Indian fig, which ex- 
tends its ever multiplying stems over acres of space, 
and braves the vicissitudes of a thousand years,— or 
be it in the animated tribes, from the small tenants 
of water tinged with sour paste, to which a single 
drop is the same for space and scope as an ocean to 
a whale, to that giant of living creatures : — ^be it in 
any or. in all of these, or in any thing within their 
limits, or any limits to which the* most discursive 
fancy can extend, even in its farthest flight, there is 
not a thing done, not a pulse of life, not a hair^s 
breadth of growth, not a tint of colour, not a trace 
of motion, not a shadow of change, in which air and 
water (or one or other of them) are not present, and 
contribute to the result. 

The observation of Nature is, therefore, very lit- 
tle else than the observation of air and water, simply 
or in their combinations. So far as we are able to 
judge, that has been the case in the formation of all 
the solid and permanent parts of the earth ; for even 
the oldest mountain rock beats distinct evidence 
that its parts have been crystallized from a watery 
solution; and though in many places we can dis- 
cover rocks that have been molten by fire, yet these 
are merely changed rocks that had previously ex- 
isted; and, if we wish to trace them back to the 
first working of Nature's hand upon them — ^to that 
mysterious boundary where creation is creation 
still, though our present capacitv will go no further 
— it is in the waters W^e must take our farewell of 
them. So true, even literally, is the declaration of 
Holy Writ," He hath laid the foundation thereof 
Vipon the waters.'* 

' The softer and/as we may say, the younger strata 
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of the earth have the traces of their aqueous origin 
still more legible, except in cases where we can ex- 
plain whj' they have been obliterated. The lava of 
Etna, Vesuvius, and various other mountains, which 
still continue to burn — that of many others which 
are now extinguished, or have been so since the 
commencement of history — the sea of glass in Ice- 
land — and all the other productions of fire with 
which we meet in large masses^ — are no more ori- 
ginal or primary formations, than the scoria and 
cinders of an iron furnace, which are nothing but 
certain parts of the ore, the lime, and the coal^ after 
the iron has been taken out of them by the process 
of melting. The power of those fires carinot'be 
doubted ; and, indeed, it would not be easy to find 
words by means of which their effects could be over- 
rated. Every mountain on the face of the earth 
may have been reared by fire of that description ; 
and where they are of rock, and not accumidations 
of fragments, which can be explained by mechanical 
causes acting at the surface of the earth, if we do 
not consider heat a^ the agent in their elevation, we 
cannot at all account for the fact of their being ele- 
rated, any further than by saying, "God made 
them ;** and though in all cases we must come to 
those words some time or other, we should never 
do so at the beginning of an inquiry. That is one 
of the most obvious, as well as one of the most un- 
deniable truths, to any one who thinks even slightly 
on the subject; but it is a truth too genersd tot 
guiding us to the knowledge of any particular in na»> 
ture ; and therefore, unless for the effect which it 
has on the feelings and conduct, there is no need for 
repeating it. Indeed the repetition of it is a species 
of fraudulent idleness ; if we-go on with an inquiry . 
in the proper manner, we are always sure to come 
to it ; but if we begin with it or resort to it before 
the proper time, our inquiry is at an eiod, and our 
fgDoraiice of that subject is seaJed. 
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Roek» are pnTOverbiaUy associated with barrenness, 
though therc^ is no rock hut which, if left at rest and 
watered, will produce its plants — ^nav, a supcessioa 
of races ; and if the climate were Htvourable, aild 
we could wait lonff enough, there is not the least 
doubt that we could water a rock till it became so fer- 
tile on the surface that we could sow it with grain, 
or plant it with Tegetables. Pebbles in a brawling 
stream, or rolled on the beach by the waves, are 
unproductive things certainly ; and not merely that, 
for they wear one another ; but examine the very 
same kind of pebbles in a shallow standing pool, ,or 
OB a part of the beach where they are left at rest, 
and you will find that they have their plants and 
their animals. The mountain rocks, even in the 
coldest places, are covered with lichens, some of 
which are of value in the arts, and others as articles 
of food. Many dying materials are obtained from 
those curious productions, some of which are in 
themselves not easily distinguished from the rocks 
on which they grow. 

The common people in the northern countries 
have long been in the habit of dying their stuffs with 
these substances; and in their hands the colours 
that are produced are very durable, though not very 
briUiant. The orchal, or French rock-moss (ZicAcn 
parelhifiy of Linnaeus), which forms a very white, 
rough, and warty crust on the rocks, and might, by 
a careless observer, be taken for a patch of mortar, 
produces very beautiful shades of crimson and pur- 
fAe; and cudbear {Lichen tartaretu), which forms 
gra]rish patches, is found so valuable in giving a 
bloom to colours, that there are manufactories for 
the express purpose of preparing it, and people who 
resort to the rocks and earn their living by scraping 
it off. Hard as it is, it grows much faster than woula 
be siu>posed ; and Uie cultivator of it (if he can be so 
called) ha^ liJUle labour compared with other cultivir- 
tors, as he h^s merely to come and scrape the rocks 
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once in every five years, when he finds as much as 
repays his labour. Those hard and apparently use- 
less productions of the rocks are not only useful, as 
may be seen from the,, two instances that have been 
mentioned, and of which there would, no doubt, be 
many more instances, if those who are much in the 
wild places where lichens are most abundant would 
look at what is around them, and find out what it is 
good for ; but imagining that a plaice must be barren 
in every respect, because it is barren in those pro- 
ductions which abound in places of quite a difierent 
character, is a folly by means of which we are left 

1 without much useful information with regard to na- 
ture, of which we might otherwise be in possession, 
and deprived of the use of many things in the arts 
of which we might otherwise be in the enjoyment. 
That folly is as absurd as it is mischievous. No man 
would think of taking hounds to sea in order to 
course game, or propose going to the moors with 
boats and harpoons, or white fish-lines. Now, 
though in many cases the absurdity is not so strikii^ 
as it is in these, yet so far as it goes, it is just as 
absurd. And it is far more dangerous ; for, just as at 
sea there is more to be dreaded from the sunken 
rock than from that which stands high and gives 
warning, so in the case of error, there is ever the 
more peril from tfiat which' is the more concealed, 
or has the nearer resemblance to truth. 

We find that very frequently the case in matters 
connected with the study of nature — more especially 
those parts of nature which do not appear to bear 
immediately upon the common conpems of food and 
clothing. In those very lichens, which we have 
mentioned as being useful in dying, it is not the 

., people who live where they grow that gather them, 
but strangers who find it their interest to go there 
in the season : so also it is not very long since the 
pbople of Britain depended mainly upon the Dutch 
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for supplies of the very fishjwhicb are most plenti- 
ful on the British shores. 

In matters connected with the earth itself, the 
want of common observation, and the loss occar 
sioned by that want, are still more striking. If coal, 
or iron, or any other useful mineral, is found for the 
first time in' any district, it will, in general, be found 
that the discoverer is not a native, but some stranger. 
There is a case in point. The greenstone rocks 
which forAi a considerable portion of the lower val- 
ley of the Tay contain vast numbers of veined 
agates or Scotch pebbles, and in some j)laces the 
rock has, to a considerable depth, crumbled into 
mould, well fitted for agricultural purposes ; but the 
pebbles, containing less clay than the stone in which 
they have been formed, and bei(ig of a close texture, 
do not decomoose so readily. In consequence there 
are whole fields and farms where, excepting where 
the ground has been opened for quarries, every stone 
that can be picked up is an agate, Just as in the chalk 
districts of England every stone that can be picked 
up is a flint. Some years ago, those pebbles were 
fashionable, if not valuable (and except in durabihty, 
size, or some use in the arts, fashion forms much 
of the 'value of any stone), and they were conse- 
quently esteemed. The proprietor of one of the 
estates, on which there is really nothing t»ut pebbles, 
WSM3 in London on some business ; and as he did not 
often visit the metropolis, he resolved to purchase 
some trinket for his wife, as a memorial of his Jour- 
ney. He went to a jeweller's, and was shown all 
the varieties of gems and pastes, but he rejected 
most of them on account of their smallness, and 
made his election of a n^cklace, &c. of large and 
strongly-marked Scotch pebbles. So much did he 
admire these, that he began to question the jeweller 
(who was also a lapidary), what part of the world was 
so rich as to furnish jewels so splendid. With uttef 
istonishment he heaurd the name of his own estate 
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as the place where in«one day each season a snflS- 
cieiit supply had been collected, during the time that 
the stones had been in fashion. The owner pf the 
mine of so much beauty, and as it appeared to him, 
from the price that he had paid, of so much wealth, 
would have been glad to exchange his ^purchase for 
something that he could not get at home ; but still he 
was pleased that the mine was his freehold. Home 
he retumeli ; the present from London was duly seen 
and admire4 ; and the very next morning, taking his 
mole-staff with him as a divining rod, he was early 
at his rhab^omancy. Three days he consumed m 
diligent and laborious search, keeping the secret of 
his wealth with great care, until he should astonish 
the world with its amount. In the course of his 
labour he picked up many stones, but, as they were 
aU very rough and unpromising to. look at, he cast 
away as fast as he gathered, till the third day and 
liis patience were nearly at a close together. When 
he had nearly reached his home, he took up one of 
those nodules of which he had previously taken up 
and thrown down so many, and dashed it upon the 
rock with all his force, as if in vengeance for the 
deception which he had practised on himself. The 
stone broke in pieces, and in the fractures he foui^ 
the colours, but not the lustre, of those disks which 
had so ple*&sed liim in London. He soon began 
to reflect that his uncut pebbles were not saleable 
trinkets, any more than the soil of his farm was 
saleable quarters of wheat ; so he prudently resolved 
to follow his farming, and leave the pebbles to the 
lapidary as before. The purchase, too, retained its 
value, as the pebbles that were collected from the 
fields as an encumbrance, and used in paving the 
court and filluig drains^ could not rival it; and 
he even boasted that the trinkets were the produce 
of his own estate, and spoke with admiration of the 
&rt and skill of the Londoners, who coiQd make a 
few ounces of thai which was not worth sixpence 
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a tun where it was found, worth several pounds in 
the market. 

That is a«homely anecdote, but it is a useful one, 
as it points out one of the reasons why those whom 
we would, without reflection, think should study 
natural substances the most, yet actually study them 
the least. It shows, too, that that is especially the 
case with minerals. The occupation of the people 
of any district runs in a train ; those who are not 
required for the working of that train migrate to other 
places ; and if any one betakes himself to the study 
of nature, he is branded as an idler, or wizard, ac- 
cording as the current of popular behef ^nd feeling 
sets, — and whether it set the one way or the other, 
he is equally certain to be ejected from the compan- 
ionship, of the district, and must either associate 
with those at a distance, or be an idler in reality. 

It is only in what may be termed sublii|ie o( 
romantic places, such as mountains, and crags, andr 
ravines, or bold and caverned shores, that stand 
beetling over the flood, that we can observe th^ 
grand features of the earth ; because it is at such 
places only. that we can see sections of the strata 
of rocks, sufficiently deep and extended for enabling 
us to judge in what order, and guess by what means, 
tl^ose which we may term the living rocks — the 
skeleton of the globe — those gigantic nUisses, which 
can have been produced and arranged by no surface 
action, but are the result of energies which, what- 
ever they may have been, have had. their origin and 
their place of action within the globe itself, whether 
the influence of that action was more gener^ or 
more local— whether it went to the uplifting of a 
continent, or the building of a chain of mountains, 
or merely raised the point of a vokranic cone above 
the waters of the sea. 

There is no knowing how much land and how 
much water, — ^including, under the term " land," aM 
substances which are neither water nor air, whether 
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fhey be in solid masses or in fragments, in powder 
or melted, and whether they belong to the onimalf 
the vegetable, pr the miBeral king;dom,*^and tuidef 
the term "water," all of that substance, whether 
solid or liquid, or whether pure, or where it forms 
so much the prevailing ingredient in any compound 
as to give its own character decidedly to that com- 
pound, as in the case of sea-water, or of mineral 
springs ;; t)^ere is no knowing how much of these, 
as thus distinguished, may have existed at any pe- 
riod of the globe's history ; and there is no knowing 
how they may have changed and shifted from time 
to time. Water may, however, be decomposed and 
again reproduced in so endless a variety of ways, 
and both the oxygen and the hydrogen which, in the 
present istate of our chymical knowledge, we con- 
sider as its elements, are so active, and enter into 
combinations, as mixtures, with so many substances, 
that we have every reason to believe that the rela- 
tive quantities of land and water, according to the 
•ense in which the terms have been explained, are 
not for any two successive moments exactly the 
same. Very many of the metals exist^ in the ^arth 
in the state of oxides, or combinations of the metal 
with oxygen; and not a few of them have a third 
ingredient, or are triple' salts^ The alkalis, and 
many of th^earths, have been proved by ^cperiment 
to be hydrates of metals, or compounds of those 
metals with the other ingredient of water ; and it is 
probable that, when more powerdil means of chym- 
ical decomposition shall have been discovered, all 
the earths will be^ound to contain hydrogen, as well 
as all the alkalis and most of the ss^s. No man 
coold, therefore, though he could gauge all the seas 
and lakes, measuise all the rivers and streams, and 
weigh all the clouds, venkire to give even an ap- 
proximate estimate of the quantity of water and its 
iAements, even for one time. 
The seasonal changes of it are dso oonsidMraMe. 
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In England it is in fogs and fens in the winter^ and 
in the crops on the fields, and the leaves, flowers, 
and fruits of other annual and deciduous vegetables, 
in the summer. In climates farther to the north, it 
is during winter piled up in snow and ice : and in 
summer it is either at work in the more scanty 
vegetation, or it has ebbed away to the ocean in 
the spring "freshes" and floods. The action of 
gravitation distributes it equally in the ocean ; and 
when it rises in vapour, the action of heat disperses 
it in the atmosphere. 

What these causes may from time tjp time pro- 
duce we cannot calculate ; but within a very long 
period of duration— one as long at least as we have 
any thing like authentic information, it does not 
appear that the great collected quantity has varied 
much. Now, according to the estimates, which on 
such a subject must be vague, if the solid parts of 
the earth — ^those parts that we have denominated 
land in distinction from water — were in the form 
of a regular spheroid, the form which gravity and 
the revolution and rotation of the earth (the only 
ext^nal causes that we know that could act upon 
principles that we understand in moulding the earth 
into its form), — ^the water would cover it with a 
crust (if the term may be used), or shell of water, 
something about two miles in thickness. That 
would give a pressure of more than two tuns on 
every square inch of the solid nucleus, exclusive of 
the pressure of the atmosphere,— or a pressure equal 
to the weight of the whole navy of Great Britain 
on a surface equal to the floor of an ordinary-sized 
room. 

When we reflect upon that immense resistance 
of pressure which the internal powers of the earth 
that elevated the mountains had to overcome, we 
may cease to wonder at the results that have been 
produced ; nor need we be in the least astonished 
when we so to mountainous 'Conntriea, and find 

V 
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Strata of firm stone many miles in extent, and vmsY< 
fathoms in thickness, bent and twisted as if they 
were pancakes, or turned on their edges as if they 
were ice-brash of but one hour^s formation before 
the roU of the ocean, or the wing of the morning 
gale ; or when we find granite moulded as if it had 
been dough. As little need we wonder when we 
find a " dike" of different or more modern formation, 
(nr a '^ lode^ of spar and metallic ore, cleaving sheer 
through a mountain ridge, or extending many degrees 
on the girdle of the earth. To a power that could 
oyercome such resistance we can set no bounds. 

But vast as that resistance is when we bring it to 
the test of numbers — the only one by which we can 
get an accurate judgment — it is really nothing as 
compared with the resistance farther down ; for go 
but one-fourth of the distance to the earth's centre, 
and the pressure on a single inch would make the 
greatest mountain, nay, all the land which stands out 
above the mean level of the sea, kick the beam. 

Now, as we have stated the mean depth of the 
water at rather less than it would come to, accord- 
ing to the guesses of the most eminent and eminently 
cautious men, who have calculated as far as they 
could, and then speculated on that most extensive 
subject, it must follow that whenever some parts 
were elevated so as to be at a less depth, other parts 
must have been depressed so as to be at a greater. 
Thus the very pressure of the water, which resisted 
the powers by which the continents and islands 
were elevated, would assist those powers in their 
progress, after the elevation was begun. Whatever 
of matter was forced upward by the heat (for if 
heat was not the instrument, we ki^w it not, and 
heat is fully adequate to the task), there would be 
no vacancy left, because the superincumbent pres* 
sure would send down the remaining parts with 
more energy and effect than it resisted the ascend- 
ing; so thAt, as the mountain reared its bead, i| 
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would eontinue to do so with less and less of the 
orif^nal propelling force ; and when it came to the 
air and the sunbeams, its labour would, comparatively 
speaking, be at an end — ^at least, compared with the 
first struggle in the deep. 

To those who have been accustomed to look at 
nature only on the smaU scale, and as conducive to 
%he puny possessions of man^s little life, those specu- 
lations may appear to have but little to do with the 
" popular" observation of nature ; but, in truth, they 
belong to the popular, and not to the systematic 
part of natural history: for they come upon the 
popular student in his very novitiate, nay, they 
probably force themselves more or less upon the 
attention of all young people, learned and unlearned, 
when they are permitted to think for themselves. 
There is not a child but will break its toys almost 
at. the moment that it gets them into its hands — and 
certainly the instant that it has seen their external 
novelty, which is soon seen ; and it takes a great 
4eal, bloth of precept and example, and sometimes 
chiding and chastisement, to break the child of that 
habft — so perfectly painful and unnatural to it is pos- 
session in which there is no enjoyment. TO defend 
either the natural propensity of the child, or the 
lesson of early care which is inculcated by means 
of the rattle and the penny trumpet, is not our busi- 
ness. It may be that when the toy is saved, tl»B 
desire of knowledge in the child is broken ; and it 
may be that frugality is produced b^r the lesson. If 
it be the former, " the whistle" is, indeed, a costly 
one ; and if it be the latter, probably the best way 
would be not to purchase the toy at aU. 

But all that we contend for is the fact, and that 
must be admitted, as it is one to which there is no 
exception, if it has not been produced by teaching: 
Now if a desire to know the structure of every thing 
that comes ¥rithin its observation be irresistibly 
natural to every child, until that child is flattered or 
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forced out of it, how much more irremtibly fifttoral 
must it be to speculate about and wish to know the 
structure of that world which contains, circum- 
scribes, and is every thing that can in any way be 
perceived by the senses.. 

And perhaps there never was a human being that 
stood gazing and admiring, even for &ve minutes, 
upon a mountain ridge, whose thoughts did not turn 
to the grand subject of the formation of the moun- 
tains ; and thence glided away to the primary sepa- 
ration of the land and the water. Certainly there is 
no subject more inviting; for it brings us imme- 
diately to the grand questions of " whence we came," 
and " whither we must go V^ and in such places it 
almost seems as if the rich and the tempting of the 
small of nature were kept away, in order that our 
meditations may be on the subUme of the great. It 
is true that we do fiind traces of recent times even 
in those situations : the waste occasioned by the 
last winter, the last thunder-storm, or the last flood ; 
and though they are few in number, and not in gene^ 
ral very high in usefulness, there are animals and 
vegetables there, and their states indicate the state 
of the season and the weather, upon the same prin- 
ciples as others do in other places, though not to 
the saihe degree. 

But still Siose characters are characters of the 
mere surface, and they and all that belongs to or is 
connected with them might be taken away without 
much alteration of the grand mass of what is before 
us. Deep seashells, imbedded by countless thou- 
sands in the solid strata near the tops of high moun* 
tains, are good quotable proofs of the sea^s having 
been there, — ^when we are arguing the point on the 
plain with probably not an inch of native rock within 
our horizon ; but to appeal to so small, though. satis- 
factory, testimony on the mountains would be about 
as unnecessary as to prove the presence of the sea 
from the shells upon the beach, on which we were 
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standing, and looking upon the expanse of watersi 
curling in pleasant waves, and wafting into port the 
richly 'loaded vessels from the opposite hemisphere. 

The animals, the plants, the mud, the broken 
stones, the water of the springs and rills, and some 
of the wearing of the rocks, and the formation of 
little patches of meadow in the turns of the moun- 
tain gullies, and larger ones in the valleys at its base, 
are all explainable by causes that can perform their 
action in the present state of the mountain, and at 
the present elevation. But, though all these Were 
removed, the substantial character of the mountain 
would be very little altered ; and the taking of them 
away would, in fact, be nothing but digging and 
clearing away those ruins which, in the course of 
ages, have concealed and disfigured a little, and but 
a little, of the mountain itself. 

Even the dells and gullies, to say nothing of the 
larger valleys, and the basins and nollows of large 
dimensions, all of them with only a small portion 
of water in them, and many of them with none, 
cannot have been formed by water above the sea- 
mark, any more than the ocean can, by its tides and 
currents, have formed its own bed. Nobody will 
contend that there is any natural action at the sur- 
face of the earth that can build up solid inorganic 
matter, whatever there may be to cast it down. But, 
although the casting down may have done a great 
deal (though much less than is supposed), it is just 
as impossible to imagine a surface power capable of 
scooping out all the hollows, as it is to imagine one 
capable of elevating all the hills and mountains. 

Let any one take the map or the model, or, better 
still, go to the place of any of the considerable rivers 
in Britain, that have wide valleys, with mountains, 
or even hills of rock, at the sides ; and then let him 
ask Idmself whether, in the nature of things, the 
water of the river could have made that valley. 
Take the vidley of the Severn, from Plynlimmoa 
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to Shrewsbury, or that of the Dee from Bala to 
Wynnestay, to say nothing of the lower part Of 
either, and it will be found much nearer to the truth 
to say that the valley is the cause of the river, than 
that the river is the cause of the valley. If the 
lower parts of the valleys were taken, the accumu- 
lation of debris might perhaps be accounted for ; but 
what could the Severn do towards the hewing out of 
the Wrekin> or the Dee to that of Beeston rock ? 

In places which have more of an alpine character, 
the formation of the valley by the river, even though 
that river had been running for a million of years, 
would be, if possible, still more puzzling. The Tyne 
and the Tiviot never could have excavated their 
dales ; and even if they had, what stream paused on 
its course, and altered the whole system of its work^- 
ing, in order to find basins for " the lakes I" The 
Tay \^d its branches may have cut through a pass 
or two, at Dunkeld, Killiecrankie, and some other 
places ; but to suppose that any of the valleys was 
altogether formed by the action of the stream is an 
absurdity. The most conclusive instance (if any 
can be more conclusive than another, in a case 
where the very simplest afiTords demonstration) is 
the great valley of the Scotch Highlands, from the 
Moray Firth on the east, to Loch-Linnhe on the west. 
There is a little dike of stone, which crosses that 
valley somewhere near the midway between the 
two seas; but much of the rest is in alluvial forma- 
tions, and in the basins of lakes absolutely lower 
than the bottom of the adjoining sea, to which the 
Ness, the largest river of that singular valley^ runs. 

Nor are the proofs confined to the mere forms of 
surfaces, for they are to be found in the very roclqii 
themselves. Where the schistose, or stratified rocks 
meet the granular ones, they are twisted and bent in 
all directions, as they would havebeen had Uiey been 
upheaved by some action from below ; and at many of 
the lines of junction one of the ropks is melted as il 
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the Other had oome to it in a state of ignition; 
and we know of no action from above, even if we 
suppose a depositation from any imaginable depth 
of water, which could have given the plates, or 
strata, the inclinations which we observe . In a basin 
of coal strata, or any of those that have a hollow, 
of which we can obtain the section, so that the 
several layers M crop out^^ all round, we can perhaps 
imagine how they may have been formed by suc- 
cessive growths and deposites above. But, even in 
those, the coal, which is vegetable matter, and mat- 
ter which must have grown, not in the sea, or in 
any other way under water, but in the air on dry 
land, as it contains the remains of land productions, 
often lies under other formations, which must just 
as clearly have had their origin, not merely in the 
sea, but m deep water. 

The granular rocks, which have no appearance 
of i)lates, or strata, but are great lumps, and lumps 
having their upper surfaces very much resembUng 
what we would expect from matter forced up from 
beneath, are perhaps the most striking proofs that 
the mountains and valleys of which the principal 
part is native stone have been elevated from under 
water. In the mountains of granite and porphyry, 
there are also precipices and chffs, the formation of 
which cannot be attributed to any known cause that 
can act above the level of the sea. That cannot 
have been produced by the action of water that has 
fallen in ram, or in any way run in streams ; because 
there is not only now no water at all equal to the 
I»roducing of the effect which we see, but there is 
no channel in which water could at any time have 
run. Many of our highest mountains — those which 
overtop all the country round — have horse-shoe 
precipices in their sides (Often in the north-east 
aide), the tops of which are higher than any thing 
withm many miles ; and therefore we cannot sup- 
pose them to have been formed by the action of 
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water above the level of the sea, unless on the ab- 
surd supposition that the water ran up one side of 
the mountain for no other imaginable purpose than 
that it might run down the other — ^that it acted con- 
trary to the law of gravitation on one side of the 
summit, just in order that it might the more readily 
and effectually obey that law on the other side. 

Even in plainer cases than that — ^those in which 
there is only a gradually inclining dell, with a rivulet 
meandering along — ^we cannot give the rivulet the 
merit of making the dell, at least not out of the hard 
strata of primary rock ; because, unless we have the 
dell at the beginning, we cannot explain why there 
is a rivulet there; even rivulets, if they are to be 
permanent, must have permanent causes ; and, un- 
less where there is % spring supplied with water 
from a store farther up, the sloping sides of the dell 
are necessary to provide the rivulet with water. In 
rivers of longer course, that is more striking. Take, 
for instance, the Thames; the quantity of water that 
rises up in the springs, though much magnified in 
the pictorial representations, is in reality consider- 
able : but look at the distance to the sea, smd think 
whether, instead of that infant stream having exca- 
vated the goodly valley of which it is now the wealth 
and the ornament, it must not have been evaporated 
before it could have reached Windsor or even Ox- 
ford. 

That a river can cut deeply even into very hard 
strata is proved by many instances; but in those 
instances there are always slopes above to send 
down in a flood, during rains, that Water which, if it 
fell on level ground, would sink into the earth, and 
not form any flood at all : so that there could be no 
cutting through even the softest materials. These 
cuttings are, in general, the secondary strata, or 
even collections of rubbish ; and there is perhaps no 
instance of a dell formed by the action of water 
wholly in the solid granite, though in many places- 
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there are little notches. The cutting of the rubbish 
may go on very rapidly, so that a large excavation 
may be made in a year, or even a day ; but the solid 
and seamless rock is quite another matter, and we 
find that even a considerable river, with the assist- 
ance of a valley every way well adapted for the pro- 
ducing of powerful floods, makes but little impres- 
sion on such strata in the course of ages. 

The North Esk, which discharges its waters into 
the British ocean, a few miles to the northward of 
Montrose, and the Isla, which flows by the castle of 
Airlie, from the southern slope of the Grampians to 
the valley of Strathmore, are perhaps two of the 
most striking instances of rivers cutting the soil 
that are to be met with in Britain. Both rivers 
drain mouhtain valleys, the sides of which are steep, 
and the autumnal rains fall very heavily on both. 
There is no lake on the Isla to regulate the waters 
when the rains fall, and on the North Esk there is 
but one small one (Loch Lee), which is far in the 
mountains near the source of the river, and has little 
influence on the whole stream, because a great part 
of the water of floods comes into the channel lower 
down. "• 

Each of those rivers has cut a dell, or den, several 
miles in length, and very deep in proportion to its 
width. But gravel and red sandstone (which in 
those places is a soft crumbling stone, together with 
pudding-stone, vei^ weakly cemented) are the prin- 
cipal matters through which these rivers have cut. 
Even now the cuts which they have made are little 
more than sufiicient for containing the flood water 
dmring the rains. Gannachie bridge is thrown 
across the dell of the Esk, among the ver^ pictu- 
resque scenery at ** The Burn;" and though, in com- 
mon states of the river, the roadway on the bridge 
be at least fifty feet abpve the water, the floods rise 
so high that a tail man of the viHage; locally named 
**Lang 6«machie," could reach over the parapet 
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of the bridge and fill a bucket of water. The strstm 
through which the Isla has cut become hard more 
gradually than those at the Esk ; so that the floods 
iu the dell at Airlie do not rise to such a height as 
those in that at the Burn; though in late harvests, 
which are generally those that are more than uso* 
ally rainy, both rivers do considerable damage to the 
crops and fields in the plains below. 

But those rivers, notwithstanding the headlong 
impetuosity of their floods, and the traces of their 
devastation in those channels, have done very little 
within the period of their recorded history ; and 
probably the "linns," or cascades, where the hard 
strata have resisted the action of the water, are 
nearly in the same places as they were when Agri* 
cola led his Romans through that part of the conn* 
try. Those linns, too, do not fall over granite, but 
over secondary rocks of some description or other 
— ^partly hard pudding-stone and partly schistus ; so 
that in the formation farther up, whether of thestra* 
tified or the granular stone, the rivers could have 
had very little to do. 

Even in cases where there are no rock founda- 
tions with which to contend, it is quite impossible 
to account for the form of the present surface, by 
any action of the waters now existing, or by any ac« 
tion not carried on entirely under water. Any situa^ 
tion in an alluvial country will suffice for enabling 
one to understand that. Go, for instance, to any of 
the heights near London, which command a view 
of that part of the valley of the Thames, examine 
the position of the gravel and clay hills on both 
sides, and then say whether, trifling as they are, 
they could have been formed by any action of the 
Thames smd of the ocean^ jointly, working at the 
surface, even when the sea may have flowed as far 
in as Teddington, or even farther. What action of 
the river, and cpf theriresisting sea jointly, could have 
raised up Richmond Hill, and aU tilie successiTe 
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swells or " eaps" of gravely by Wimbledoiiy Clap- 
ham, Brixton, apd so onward till one comes to the 
chalk formation near New Cross 1 So, also, the 
heights of Ealing, Kensington, Primrose Hill, 
Hampstead, Highgate, Pentonville, and the other 
swells, towards Finchley common and the flats on 
the river Lea. It is true that where the estuary of a 
river so meets the set of the tide as to form a con- 
stant eddy in the waters, and a permanent whirlwind 
in the air, hills of sand are in some instances col- 
lected, as high as any that have been named, or 
even higher. There are instances of them at the 
mouth of the Tay, below Dundee ; and at that of the 
Findhom, below Forres ; and on some of the sandy 
shores of the Continent. On that of Jutland, for in- 
stance, they are very numerous, and formed without 
any river, by the action of the sea-eddies alone. So 
also in the sandy deserts, there are hills of sand 
formed by whirlwinds or eddies of the atmosphere, 
without any assistance from water, for there is no 
water there. But these cases will not explain the 
formation of the eminences in the valley of the 
Thames. These contain flint pebbles, which are 
rather too weighty for being built into hills by the 
winds; and they also contain })eds of clay, a sub- 
stance which imbibes too much water, and forms too 
much in the state of a paste, for drifting much with 
the winds. Besides, the "London clay" is obvi- 
ously a gradual deposite from water which has stood 
over the highest points where i^ is found ; and even 
though we consider the flint gravel as the debris of 
chalk rocks, out of which all the lime has been 
washed except that which suffices to give a binding 
quality to the gravel, we must allow it to have been 
rolled about in the water till the flints abraded each 
other into smoothness, and the dust thence produced 
formed the connecting powder of the gravel. It is 
impossible to say how long it may have taken to 
round the nodoles and produce the powder : but the 
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period necessary for that, aad also for the depo^ita?* 
lion in the places where it is found, must have been 
considersible; and nothing but aii action of the sea 
could have given the surface the form which it still 
has, notwit&tanding all the action of art and of the 
weather. 

But though we could explain by the action of 
river and estuarial resistance, aided by the winds, 
all the formation of these alluvial strata, we are not 
a jot nearer the formation of solid rocks than ever. 
Nay, when, as we must, we have recourse to the 
action of the sea, even though that sea had con- 
stantly outraged the angry monsoon ^t the Cape, or 
out-eddied the Bay of Biscay, the whole process 
would be change rather than formation — the de- 
struction and breaking down of rocks, and not the 
consolidation. Even if the chalk is sea-shells, and 
the flints are sponges, a goodly |)ressure must have 
been required to bring them into their present state; 
and therefore to seek for their origin, we must exam- 
ine downwards into the deep. 

What the condition of the sea was, when it covered 
all the land, — for, whether all at the same time, or 
not, the sea must have covered all the land, and 
covered it to a great depth at some time or other,— 
we cannot say. The mountain limestones would 
lead us to suppose that it contained shelled animals 
of some kind or other, long before one foot of the 
dry land appeared above its surface ; and the oolites, 
and many other formations, leave not the least doubt 
that they were under the waters, inasmuch as they 
contain shells, and skeletons, ^jad entire fishes, which 
are adapted for the deep water. 

The mean level of the sea may be taken as the 
line of greatest fertility both in the water and on 
land, and both in the anirgal and the vegetable king-, 
doms, because it is the line of the greatest action 
of both the sun and the air. It is probable that the 
sea sinks down as much below thaJt line in propor? 



VBRTIUTT OF THS »4. 241 

tion to the extent of its surface, as the land rkes 
above it ; and it is also probable that the fertility of the 
sea diminishes as the depth increases, just as that 
of the land does with increase of height. But it is 
probable, nay, it is certain, that the fertility of the 
sea cannot diminish so rapidly as that of the land ; 
because, as we descend there are pressure and con- 
densation, which are sources of sensible heat, while, 
as we ascend* there are elasticity and expansion, 
which are sources of sensible cold. Thus it is nei- 
ther improbable nor unphilosophical to suppose, that 
though the inhabitants of the sea vary at different 
depths, just as those of the land do at different 
heights, yet that the sea may be well replenished 
wi£ its peculiar plants and animals at depths mea-> 
suring more than the height of the highest mountain. 
Consequently, if we carry our imagination backward , 
to the time when the limform sohd spheroid was ' 
covered with the two miles of water, we are upon 
legitimate ^ound when we say that the surface of 
tlAt spheroid under the Water may have been abun- 
dantly stocked with plants and animals, and the 
water itself as abundantly as any part of the ocean 
is at present. 

Wo cannot know what was the condition of the 
water at that early stage of our globe's history — 
whether it was fresh, or impregnated with saline 
substances as at the present day. Many of the 

Cants, the remains of which are found in the strata, 
Lve more the character of fresh-water aquatics 
than of plants now fonnd4n the salt sea. The fishes 
also have, many of them, ^e characters of fresh- 
water fishes ; and as for many of the shells, though 
we know but little of their inhabitants, perhaps they 
are as much adapted for fresh water as for salt. 
"When we take all those circumstances into consid- 
eration, we ma^r perhaps be warranted in saying that 
the sea which, in those primal days, rolled over the 
whole globe, was water in a much mom. simple 

X 
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state than the sea of the present time, and that act 
new actions began to be carried on over the land, 
the sea became the receptacle of new products. 

Bearing all those things in mind, we can carry 
our speculation back to the x)eriod of the first internal 
action of the earth, — ^the time when the first mountain 
ridge (that ridge which was in time to become the 
centre and spine of a continent), began to ascend from 
the bottom of the deep. We have already spoken of 
the great pressure which must have opposed its as- 
cent ; but we must bear in mind that that pressure was 
exactly balanced by the resistance of the bottom, so 
that, mighty as were the weights, both upward and 
downward, so nice was the poise, that a single grain 
would have given it either the one direction or the 
other. It is one of the beauties in the arrangements 
,of nature, and one which, though man must admire, 
his art can never imitate, that the great and the 
small are both equally susceptible to impressions. 
Thus, though the weight of a continent was upon 
the surface Which was to be elevated by the internal 
action, a few pounds would put it in motion ; and 
whatever was the state of the substances When they* 
began to ascend, the two pressures were quite sun 
ficient to bring them to that state of cohesion which 
we find in rocks. 

In those parts of the ocean which may be regarded 
as covering the slopes of volcanic ridges, there are 
still occasional displays of the action of those vast 
powers ; and there are in many places decided prckrfs 
of that action having been at some time carried oil 
in situations where it had ceased before the records- 
of history began. It is important, too, to bear in 
mind that the formation of large tracts of alluvial 
land so as to remove the sea to a distance, occasions 
the internal action to cease. In that lidge of moun^ 
tains in France which stands nearest to the Mediter* 
ranean, on the right bank of the Rhone, there are 
many extinct volcanoes ; and the plain of Langue^ 
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doc, which lies between ihoae mountains and the 
sea, is alluvial, composed in many parts of sand, in 
others of gravel and stones, and in others, again, of 
shells, — the whole giving the clearest evidence of 
having been under the sea, or formed by the action 
of its waters upon the shores. 

The farther part of Italy and the island of Sicily 
are still volcanic countries. Vesuvius and Etna 
bum continually, and often pour out eruptions of 
melted matters ; the whole of Calabria is subject to 
earthquakes ; and fires are continually burning in the 
little islands which lie nearly in tlie line t^tween 
Vesuvius and Etna. 

One of the most recent displays of submarine 
action, extending above the surface, which has ap- 
peared in those seas, is 




That island, or rather the symptoms of its forma* 
tion were first observed on the 10th of July, 1831 j 
though on the preceding day quantities of charred 
sea plants and dead Hsh were observed floating on 
the surface; and sounds lesemUing that of thunder 
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were heard. Shocks of earthquakes had, indeed, 
been felt by ships passing the same spot on the 28th 
of June ; but there was then no appearance at the 
surface of the sea. At about eleven o'clock on the 
10th, Captain Carrao, who commanded a Sicilian 
brig, and was then about twenty miles off Cape St 
Mark, observed the water, at the distance of a gun- 
shot, in a state of agitation. A portion, more than 
a hundred fathoms in diameter, rose up to the height 
of sixty feet ; and discharged volumes of sulphurous 
smoke. The elevated mass, as there is no action 
of the atmosphere mentioned that could sustain a 
column of water to that height, must have been 
steam. That steam, however, from the supply of a 
whole sea of cold water, and the powerful action of 
the fire under it, may have had the colonic and 
apparent density of a mass of water. Indeed, the 
external part of it must have been condensed, and 
descending in a thick fog, which fog would be kept 
from spreading on the surface of the sea, by tne 
wind which must have set towards it in all directions, 
to supply the air which was constantly rarefying and 
ascending over it. The smoke mentioned by the 
Sicilian captain was, most probably,' the hottest 
part of the «team, because if the heated strata had 
so broken under water as to allow volumes of real 
smoke to escape, the solid matters would not likely 
have reached the surface. It appears from the ob- 
servations made by other vessels, that the immediate 
bottom was mud, and that the depth, after the island 
was formed, was one hundred and thirty fathoms, at 
the distance of one mile. That was nearly three 
hundred and thirty-eight pounds (say thr6e hundred 
weight) on the inch, from the mere pressure of the 
water, without taking into the account the conden- 
sation, the weight of the mud, and the resistance of 
the strata, which there are no means of ascertaining) 
but they, in a]l probability, exceeded the simple 
INTOSSure of the water. 
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Now, if we suppose that the surface, acted under 
by the heat, was only a circle of about one hundred 
and twenty fathoms in diameter, we shall form a 
rude estimate of the power employed. The surface 
is about 11,310 square fathoms, or 407,160 square 
feet, or 56,631,040 square inches, which at three 
hundred weight on the square inoh, gives a pressure 
from the weight of the water alone of the vast 
amount of 8,794,656 tuns. But as there were other, 
and probably greater, resistances to overcome, the 
force exerted at that single spot must have been far 
greater than would suffice to blow all the navies in 
the world into the air. That spot, too, was but a 
mere point on the surface of the globe ; so that it is 
utterly impossible to imagine any material weight, 
or msiterisd strength, which those powers could not 
overcome. 

It is only under the pressure of a depth of water 
that such a phenomenon could take place, as the 
water both supports and consolidates tne upper part, 
and so enables the crust to rise in a mass, which, in 
the air, would burst and discharge the melted matters 
in an eruption, as is the case in those volcanoes that 
are on land. 

The second observation of Hotham Island was 
made on the 13th, two days after the first ; and the 
account was, — the appearance of columns of smoke, 
the hearing of a sound like that of the paddle-wheels 
of a steamboat ; and dark matter rising up to a 
height, and then falling with force into the sea : aU 
those appearances, which we have stated in nearly 
the words of the eyewitnesses, agree in establishing 
the same fact ; namely, that by that time the vol- 
canic matter had reached the surface, and been broken 
when it came in contact with the air, or even when 
80 near the surface that the pressure upon it was 
much diminished. The smoke was a sure sign that 
tbe surface was reached, the hissing was the solid 
matter coming in contact with water at a lower 

X9 
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temperature ; and the ascent and MI of the dark 
solid matter was a direct confirmation of the other 



burnc, of the sloop Rapid, to examine it. The com- 
lii ■ " " I four P. M. on the 

]-!' . ii lorty mileadistajit, 

ridii . ' :'i. .,,■;■■ M. , ,,; ,; lurnnof white smoke, 
Arfvaiifiiig about thirtj' niil'ia. he saw, at fifteen 
minutes oast eight, bright light rnipgling with tho 
smoke. The column then heciime black ; but im- 
mediately "etuplions of lurid lire" shot up; and 
then the whiteness of the aninke relumed. The 
same succeesionofappearaiici^ continued till five in 
the morning of the ISIti, whiii ttiey again steered 
for the islaiul. 

Whether Commander Swinburne did or did not 
see the very first eruption, he must have been near 
the time of the commencement, for early in the morn- 
ing he saw, in the intervals of the eruptions, only a 
small hillock, a few feet above the level of the sea; 
' but as the discharges of dust, aud stones, and steam 
were frequent, the progress of the island could not 
be seen. At th& distance of orte mile north the 
depth was one hundred and thirty fathoms ; and 
when the commander took his boat and rowed 
towards it, twenty yards of the weather-side, there 
were eighteen fathoms water. For two or three 
miles round, the sea was discoloured with dust and 
cinders ; but at the distance of only twelre yards, 
Hie sea was but one degree above its ordinary tem- 
perature. 

The island then appeared in the form of a crater 
or cup, seventy or eighty yards in diameter, twenty 
feet high in some places, six in others, and broken 
on the sooth-west. Through the break was seen 
nuddy water in a state of violent agitation; from 
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which hot stones, and cinders, arid inamense volumes 
of steam were incessantly ascending. 

That was ' but the tranquil state of the volcanic 
action; for, at short intervals, the crater became 
filled with^tones, cinders, and dust, which were 
volleyed upwards to the height of several hundred 
feet with loud noise ; and when they again fell down 
and converted the surface of the surrounding sea 
into steam, the noise was still louder. So powerful 
was that steam as it rose, that it carried the dust 
with it, so that the whole had a brown colour, and a 
solid appearance ; but the steam became white as it 
ascended, and the mud fell down in showers. These 
volleyings and descents were so constant that one 
was often up before the other had fallen ; and amid 
the columns lightnings were continually flashing, 
and thunders roaring, as if all the sublime and the 
terrible in nature had been collected at that one little 
spot. Commander Swinburne's description is so 
circumstantial, that we shall give part of it in his 
own words :— 

"Renewed eruptions of hot cinders and dust 
were," says he, " quicWy succeeding each other, 
while forked lightmng and rattling thunder darted 
about in all directions within the column, now dark- 
ened with dust, and greatly increased in volume, and 
distorted by sudden gusts and whirlwinds. The 
latter were most frequent on the lee-side, where 
they often made imperfect water-spouts of curious 
shapes. On one occasion, some of the steam 
reached the boat ; it smelt a little of sulphur, and 
the mud it left became a gritty, sparkling dark brown 
powder when dry. None of the stones or cinders 
thrown out appeared to be more than half a foot in 
diameter, and many of them much smaller." 

During the whole time the wind was steady at 
north-west, and the weather was serene, so that the 
action, violent as it was within its range, was very 
•onfined in that. Confined as it was, however, it 
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brought all the elements into play. Its smallness 
is indeed an advantage to those who study it, be- 
cause it comes as near to being an experiment in 
the making of islands by the action of fire as it is 
possible for any thing in nature to come. The in- 
ternal action, when deep below the water, was sen- 
sible only in the motion communicated by the quaking 
earth to the water over it ; and as the heat was only 
one degree above the common temperature at twelve 
yards from the island, one can hardly suppose that 
any smoke or even steam could come to the sur- 
face, or be produced, until the solid matter had risen 
very nearly to that. On the 38th of June, when Sir 
Pulteney Malcolm and his companions felt the shocks, 
the action had begun, but was going on quietly under 
the water. It may be indeed that there is always 
an action under that part of the Mediterranean, as 
shoals are laid down near the place in some of the 
Charts; and the Maltese have traditions about a 
former islgind there. But Swinburne found no 
bottom with a line of eighty fathoms, till he came 
within twenty yards of the island, and there as has 
been said, it was eighteen fathoms, or one hundred 
and eight feet. That is an exceedingly abrupt slope, 
and would meet the bottom of one hundred and 
thirty fathoms deep, at little niore than one-twelfth 
part of a mile, if we suppose the slope uniform. The 
rapidity of the slope, and the depth of the sounding 
are not very consistent with the supposition that a 
shoal in any way, tended to the formation of the 
island, though it is true, that with the same external 
action, the bottom would rise more readily in shaJlow 
water than in deep. 

The island was subsequently, visited by various 
persons, and the nature of its materials examined. 
Ashes, a substance resembling cake, scoria of iron, 
and burnt clay were the chief ones ; and there were 
not many of the substances that are usually dis- 
cjiarged in the eruption of volcanoes.. It shouW^ 
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seem that only the common matters at the bottom 
of the sea came to the surface, even when the walls 
of the crater attained an elevation of nearly two 
hundred feet ; for the layers formed by the sudces- 
sive eruptions, which could easily be distinguished 
by the salt that was left when they evaporated the 
water, were friable and yielding to the action of the 
waves. 

It seems to be not an unusual occurrence, in what 
may be called volcanic seas, for small islands to rise 
up m that manner, and afterward to disappear, prob- 
ably by the mere action of the water. That was 
the case with the island of Sabrina, which made its 
appearance off the Azores in 1811, and attained 
nearly the same dimensions as the one in question. 
It has now disappeared and there are eighty fathoms 
of water in the place where it stood. As those in- 
stances are well authenticated, and as others have 
been mentioned, it is by no. means unlikely that they 
occur frequently in the sea without producing any 
appearance at the surface. It would be contrary to 
the general economy of nature, in which there is 
no thing or power out of the connexion, to sup- 
pose that those depths of the sea; which we may 
conclude are^^too far from the action of the sun and 
atmosphere for> supporting life, lie idle. They are 
very extensive, and the' power of water pressure in 
them is vast. It therefore agrees with the analogy 
of nature, as well as with the observed facts, that 
in them are placed the grand laboratories of nature, 
in which new lands are prepared; and that the 
action of those smaller submarine volcanoes, which 
shoot up their columns of charred and granillar mat- 
ter, to be strewed over the bed of the ocean by the 
currents of its waters, is the process by which the 
strata are mixed and tempered, so as to fit them for 
their purposes. 

The following cut will give some idea of that 
iction: 
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Thai hypothesis ie not only in stnct accordanco 
with the whole of nature, in all its kingdoms and 
in all their productions and phenomena but it ex 
plains many things which otherwise are puzzles m 
geology; and it enables even those whose means 
and opportunities are the most limited to turn even 
the progress of the most ctrtnmoii labour into a 
means of instruction and pleasure. The digging of 
a quarry, or even the cutting of a drain, may be made 
a study of nature, and the hand thai works may 
work with more ardour and suceeBS in consequence 
ofthere being instruction, and consequently pleasure, 
in the workinff. 

The coal mines, from the extent and depth to 
which Ihey have been worked, are perhaps the beat 
places for observing the traces of that working. 
The coal itself has been vegetable matter, for there 
are vegetable impressions in it. It lies generallyin 
basins, and there are in most cases many seams, 
and some of them deep below others, so that the 
" coal measures," or strata in which the coal is 
found, have been formed gradually. They consist 
chiefly of limestone clay, iron etone, and sandstone j 
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the accttmulation of which must have required a 
long period of years. But they also show traces of 
volcanic action, in the " dikes and cutters," by which 
they are intersected, and which often throw the 
strata out of the plane, so that the coal is higher on 
one side of the dike than on the other. Those 
dikes are frequently " whinstone," or allied to ba- 
salt ; and there are cases in which the basalt has 
issued in quantity and formed '* caps" on the top of 
the other strata. The coal-field in the south of 
Fifeshire is remarkable for those caps, which there 
form very beautiful conical hills, locally termed 
" laws.'* The top of one of these, " Kellie law," is, 
under the green sod, as regular a basaltic pavement 
as the top of Staifa. 

We may, by the observation of what we see going 
on at the surface of the earth, understand how a 
bed of sand, clay, or gravel is formed ; and there are 
instances in abundance 'of the formation of peat- 
bogs. In those cases we canalso in general tell 
whether the bed has been formed in a pool, or by 
an occasional fall of rain, or flood. But when we 
look at even a very limited portion of the tamest 
country, we are utterly unable, by any power of 
which we can> see or imagine the working in the air, 
to account for the form of its surface. The gravel 
and clay hills, near London, again occur as the most 
familiar instances, though they are far from beii^g 
the most striking ones. Water, whether of the sea 
or not, must at all times have preserved its level, 
because that is the very constitution of its nature, 
and without that it could not have been water. The 
currents of the sea may have done a^ little, but it 
could be only a little ; for it does not appear that 
even the Gulf-stream of America rolls stones before 
it ; and the little coral insects are quite competent 
to the task of erecting a wall from the unfathomable 
depths, sufficient to stay the roll of the wide Pacific, 
even in its most stormy latitude, and with a tide* 
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ran of several thousand miles. So that those minor 
operations of these internal fires of the earth are 
necessary to account4br the inequalities of the sur- 
face, which are not formed of rock but of accumu- 
lated fragments. 

They also enable us to account for the formation 
of beds of chalk, and shelly limestone, and marble 
in all their varieties of form. 



SECTION VIII. 
Observation of organized Beings. 

V 

In the former sections, an attempt has been made 
to call the attention of the reader to the objects an4 
phenomena of the creation around him, in their gen- 
eral appearances and properties as matter, and with- 
out any reference to the particular forms of individ- 
ual subjects. 

Light is nearly the same wherever it may fall, or 
from whatever it may be produced ; and though the 
light which comes to us from one substance is often 
very different, in colour and intensity, from that 
which comes from another, the portion that does 
come to our eyes is still a part of the same specific 
liffht, which is entire and.undecomposed in the beams 
of the sun. When the fields send us back the green, 
and, as we suppose, drink up the red, that red wholly 
disappears in the leaves and the grass ; and, in like 
manner, when any other colour is given out to us^ 
the remainder is absorbed, and we cannot, by any 
scrutiny in which we can engage, find out what 
becomes of the portion which is retained by any 
substance, or how it affects the other properties oT. 
that substance. 

As we can, by means of the prism, decompose the 
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Bimbeams into all the tints that are necessary or 
even possible in the colouring of nature, we can 
have no reason to doubt that the colours of nature are 
all produced by the sunbeams. But, in consequence 
of the great rapidity with which light moves, we 
must not confound the manner in which we see 
painters make up their shades of colour by mixing 
variously coloured substances, with the mode in 
which the colours of nature are produced. The 
light reveals the colours, but we are not warranted 
in saying that it makes them ; for though, by meant 
of a common triangular prism, we decompose a 
beam of light into the most perfect spectrum, and 
keep that spectrum ever so long on the identical 
piece of white paper, or any other surface, whatever 
may be its colour, we shaU never be able to find a 
trace of the Spectrum on the paper, or other surface, 
after we remove it out of the hght which the prism 
decomposes. 

Now it is evident that, if the remaining colours 
of ^he sunbeams did not in some way act upon the 
Buiface, which gives out any particular colour, the ' 
surface that shows any colour under the spectrum 
would show the same whether the spectrum were 
there or not, and as the same colour remains on the 
surface after the spectrum has been removed that 
was there before the spectrum was thrown upon it, 
it is just as evident that every coloured surface must 
have some peculiar state or property which disposes 
it to show its particular colour. 

Hei^ce it is evident that colour, and that which 
we usually call light, is not a being or thing of any 
kind, but merely a relation between one surface and 
a reflection from another surface; that being the 
case, we cannot regard light as in anyway forming a- 
part of, or otherwise affecting, the quantity of matter 
in bodies ; and, therefore, all such specidations aSy 
" whether the quantity of matter in the sun be di- 
minished in consequence of the light which the mok 

Y 
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gives out, in the same manner that the oil in a lanm 
IS consumed by the burning of the lamp," are absurd. 
The light of tne lamp does not consume the o\\, and 
as little does the light of a fire consume the fueL 
The light is, in these cases, only one of the 
appearances attendant upon the decomposition of 
matter, and if it measure any thing it measures only 
the rapidity with which the decomposition takes 
place. Further, as light is reflected from surfaces, 
and reflected from them though it be invisible pre^ 
vious to the reflection, the light of the sun may be 
a reflection from the sun, or the sun^s atmosphere, 
which comes invisibly to that luminary from some 
far distant source. The colours which we observe 
directly in nature are not visible, and therefore do 
not exist at any point between the coloured object 
and the eye; and reflected colours, such as those 
of the face in a mirror, exist nowhere between the 
face which is reflected and the eye that sees the 
reflection. 

So also, in the case of heat, we can never observe 
it as any thing else than an accompaniment of some 
action, and intense in proportion to the intensity of 
that action. From what we can observe and judge 
of the other appearances ^attending cold and heat, 
even heat up to the most intense combustion, all that 
we can say is, that absolute cold appears to be but 
another name for absolute rest ; and absolute heat, 
sdTsolute motion and conflict. 

To speak of ** parts" of light and heat, in any 
sense of the word, is, therefore, to speak that which 
has no meaning, even if we consider those parts as 
the mere results of mechanical division. To speak 
of the half, or the quarter, or any other fraction of 
light, is absurd ; and one of those absurdities which, 
having crept into common language, tends to confuse 
our imderstanding of tilings, even in their very 
simplest elements. 

Air, water, aad solid matter we can conceive of 
as divisible into parts, mechanically, or into pieces 
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m all their various forms ; and, chymically, into their 
constituent parts or elements, in all kinds of matter 
except those which we consider them, and we con- 
sider them simple, just because we have not been 
able to divide them chymically. 

Our means and methods of decomposition have 
been much improved since the time when fire, and 
air, and water, and solid matter under the general 
name of earth, were considered as the four elements 
of all created things. And as we find in every 
case of decomposition that the constituent or ele- 
mentary parts have all different qualities, and that 
the com^und has qualities of which we could have 
had no knowledge or even /Suspicion, if we had 
known the elements only in their separate states, 
we are enabled to say to what the properties which 
we observe in diflerent kinds of matter are owing. 
But, as every new combination is attended with new 
properties, we have strong grounds for believing that 
every property of matter, and every change in the 
appearance of any portion of matter, is the result 
of combination : that the property which we find 
originally in any substance is the result, or effect, 
of a combination which took place before we ex- 
amined that substance ; and that every change which 
we find to take place in any substance is the result 
of a combination immediately preceding that change. 
The combination may take place in two ways, be- 
cause it may, in the case of the individual substance, 
be either an adding to it or a^taking away from it ; 
and the addition or the subtraction may either be 
that which we can obtain and examine in a separate 
state, or it may not. It may happen, also, that those 
two modes of change are combined, and the com- 
binations of them may be varied, — it may consist 
of any two of them, or of any three, or of all the 
four. 

Removing a dpot of tar is a familiar instance of 
that. Common soap will not dissolve the tar, and 
neither tar por grease will dissolve in water ; but 



the tar and gieaee combine and soften ; and when 
soap is ^ed, the compound is eoluble in water, and 
the spot is removed. 
Limestone or marble may be heated in the diy 



Id it ; and it parts with water azid with carbonic acid. 
After it is removed from the kiln, the action of beat 
is communicated to the surrounding atmosphere, till 
that and the lime have the same temperature ; and 
if the atmosphere ia moist eaougb, the lime takes 
water back again out of that. So also some vege- 
table substances (sucb as the Jatropha manihol, 
of the tuberous roots of which the Indians of Central 
America make their ctunwi bread, and which in its 
raw state is a poison) may, by moist heat, have both 
the water and the poison, or other offensive ingre* • 
dients, boiled out of them. 
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lif in these cases, any quality which the substance 
had previously shall disappear, we may sdways con- 
clude that that depends on the combination ; but if 
we find it in any substance that has been separated 
by the process, it is either an original quahty of that 
substance, or it depends on a combination which has 
not yet been discovered: but which we may find 
upon further examination. 

It is thus probable that there is no permanent 
quality of any thing material ; but that all distinctions 
which are apparent to our senses are the results of 
combinations, all of which may be dissolved; and 
when that iakes place, the old quaUties vanish, and 
new ones become apparent. 

We find, too, that there are many states of matter 
that have the power (as we call it) of ezt^iding 
themselves. Combustion, from a match or spark, 
soon spreads over a vast quantity of combustibles. 
Fermentation is produced in brewing and baking, by 
adding yest to the dough, much in the same manner 
as a crop is obtained by sowing seeds. Canker, 
begun at a little hurt, will spread till it destroys a 
tree; rot from one place will consume an entire 
beam of timber ; a spot of rust will in time destroy 
a bar of steel ; and a puncture with the fang of a 
serpent, or a needle merely stained with the corrupt 
matter of the dead and dissolving body, \vill breed 
corruption in the living one, which no surgery can 
arrest. 

But these and all the analogous cases are really 
destructions, and when the process of destruction 
is over, the power of destruction, as we call it, is 
nowhere to be found, and all that we can say of it 
merely is, that it is a state of matter, and no more 
a kind of matter, or matter as independent existence 
at all, than light, or heat, or gravitation. 

The tendency of those decompositions, so far as 
they go, is to reduce all matter to one state — ^to 
bring it to the dust— to prepare it as materials, just 
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ta the active operations which are carried on in a 
populous and busy city, reduce streets, and houses,* 
and furniture to dust, and prepare them for the 
brickms^ers and the builders ; so that the city may 
partly do in fact what was fabled of the phenix — 
arise again out of its own ashes. If the brickmaker 
and the builder were to stay their hands, the city 
would soon become uninhabitable ; then it would be 
a ruin ; xad then, again, and not very long after, it 
would become dust, and dust not to be known from 
the other dust of the earth. The places of many 
cities, of which the histories are fully recorded, 
are now matters of uncertainty even to the most 
believing of antiquaries ; and in cases where they 
are determined, it is not done by that which has been 
mined, but by that which has escaped from ruin. 
When we speak about seeing " the ruins" of Rome, 
or of any city or edifice, we speak about that which 
we cannot see. What is left is what we perceive, 
not what is ruined, and to find a former city in the 
dust is about the same as to predict a future one in 
the quarry. And even that which we find tells us 
of nothing but itself; and when we come to a brick 
or part of a broken altar, we are no more warranted 
in coming to the conclusion that " here there has 
been a city or a temple," than that nearly extinct 
race of hunters for marvels were warranted to 
conclude, upon coming to the scoria of the old *^ heal 
fires" at the " vitrified forts," that "here has been a 
volcano." But it is with ancient cities as with their 
inhabitants; they cannot rise out of the dust and 
contradict any thing that may be said about them, 
however imaginary or incorrect that may be ; and 
thus the antiquary, like the historian, gets credit for 
telling the truth, simply because nobody can contra- 
dict him by an appesQ to observation. 

Those remarks may at first view seem foreign to 
the purpose of these pages ; but that is by no means 
the Case; for it is highly probable, nay, it is certain, 
that, becauae the word '* History" has been mad^ 
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patt of the name of the description of nature, the 
observation and knowledge of nature have been 
vitiated. The saying^ is common, even to a proverb, 
that the history of any period, whatever may be the 
events of which that history is to give an account 
— even if they are the occurrences in the life of one 
.individual, cannot be properly written, till many 
years after the period has elapsed. We shall not 
inquire why that should be the case, because, the 
result of the inquiry might not be very satisfactory ; 
but if it be true, as it is very generally said to be» 
that the events of history are the better understood 
the further the study of them is removed from ac- 
tual observation, most assuredly the reverse is the 
case with nature ; for in it, nothing but immediate 
observation can be relied on; and that which, it 
seems, is philosophic truth in the successions of 
human conduct, is error, and nothing but error, 
when applied to the knowledge of things. 

If there were nothing in nature but the properties 
of matter, the agencies of light and heat, and those 
actions of substances upon each other, which can, 
wholly, or even in part, be imitated in the labora- 
tory of the chjrmist, then nature would altogether 
be in progress towards destruction. The tendency 
of all those powers is to produce inorganic masses 
^-masses of which the one part is not necessary for 
the operation of the others ; but of which any por- 
tion^ may be considered as a whole, whatever may 
be its form and magnitude. The heat of a burning 
taper, though not the same in degree, is just as en- 
tirely heat as that of Etna during an eruption, and 
the light of the same taper is just as completely light 
as that of the mid-day sun. So also, if the water 
of a pond were to be divided into countless millions 
of drops, each of them would be just as much a 
whole as the entire contents of the pond, and as 
perfectly water as the ocean. It is the same with 
all the metals, stones, earths, and other substances 



'$60. LIFE — THE RESTORER. 

which obey no laws but those which, to some ex- 
tent or other, we regard as common to all matter. 
But there are also peculiar laws, which act in oppo- 
sition to the common laws of matter, and within 
the sphere of their action overcome them, at least 
for a time. 

These are the laws of that mysterious relation 
which we call life ; and which, though we never 
can tell what it is in itself, or how it and the genera^ 
properties of matter act and react upor^ each other^ 
yet furnishes by far the greater part of the useful- 
ness and pleasure of nature before us. 

Fanciful men, who have lost sight of faets^ have 
sometimes supposed and said that there is a regular 
gradation through all the productions of nature, from 
the simplest substance up to man, and even higher; 
and these have been called the gradations of nature 
towards perfection, and held up as especially worthy 
of our admiration. But, in truth, we observe no 
such gradation ; and we ought never to know any 
more about nature than we can observe. There 
are differences, and very great differences of ap- 
pearance ; but still we are not warranted in saying 
that one production of nature is more perfect than 
another. When we have any purpose of our own 
to serve, we may find that one thing more perfectly 
answers our purpose than another does, and we may 
say so ; but when we put our own purpose and use 
to us out of the consideration, and ^come to speak 
of "use," and "purpose," and "perfection," in na- 
ture generally, we speak words which either have 
no meaning at all, or one which is very presump- 
tuous and impious, as well as very absurd. That 
we always understand our own purpose is very 
doubtful ; and it is certain that we can never find 
out any purpose in nature. If we did, we should 
penetrate the secrets of the Almighty ; and as we 
cannot do that, it is a silly as well as an impious 
vanity to say that we can. The real fact is, that' 
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we know what we have observed, and not a jot 
more ; and if we think that we do, we are in error. 
Now, when we carefully, attentively, and without 
any visionary theory — or notion formed previous to 
knowledge, and therefore groundless and delusive — 
look at nature around us, we find two great classes 
of natural productions. The one class perfectly 

' passive to the operation of the laws of matter, hav* 
ing in themselves no principle of change, suffering 
no alteration though ever so long kept apart from 
other substances, and altering only when they are 
affected by, something exiemal of themselves . Those 
substances we can, in many instances, resolve into 
their elements, or constituent parts; and we also 
can, although not in so many instances, reproduce 
them back again out of the very elements into which 
they were previously resolved. If we cannot do 
that, we always can account for all the parts, and 
say into what other substances they have been 
compounded ; and scatter them as we may, through 
any number of combinations, not one of them is lost 
eimer in its quantity of matter or in any of its quali* 
ties ; but in all cases in which we can bhng the in- 
gredients together under the proper circumstances, 
and these all observable circumstances, we get the 
original compound, unaltered and undiminished in 
any one of its qualities. 

These are the substances of which, it has already 
been mentioned, no part, mechanically considered^ 
is necessary to the existence and perfection of 
another. If we cut them with a sharp instrument, 

' break them by a blow, or otherwise divide them by 
an^r mechanical operation, all the parts are, size and 
weight excepted, just the very same substance that 
the larger mass was before the mechanical division. 
And as we cannot make them smaller, except by 
taking away a part, and the part and what is left 
still make up the whole, so we camiot add to their 
quantity in any other way than by adding matter of 
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the same kind. Neither have they, in themselves, 
any principle by which they can increase their quan- 
tity out of other matter. It is because the smallest 
portions into which we can divide such substances 
suffer nothing but in quantity of matter by the sepa- 
ration of the other pprtions, that we call them iftor- 
^anic, the different parts of them not being instru- 
inents, useless out of their, place, but in it conducing 
to some general purpose which they would not ac- 
complish if out of the combination. 

All chymical compounds have properties different 
from those of the substances of which they are com- 
pounded, but then the chymical compound is not or- 
ganized ; for all parts of it are alike, or if there be 
any portion of the mass which has different qualities 
from the rest, then that is no organ, noi* even a part 
of that compound in any way ; it is a different sub- 
stance. 

Wherever there is organization in a state of ac- 
tivity there is life ; and perhaps the best definition 
of material Ufe, taken in its most extended sense, is 
the faculty, or power, of producing or mcuntaining 
an organization, — a system of local parts performing 
different functions, but all conducing to some effect 
which is never, in any instance, produced by inor- 
ganic matter, how active soever that matter may be 
in its own way. Organized substances have not the 
permanence of inorganic matter. That remains un- 
altered if kept from the action of every thing but 
itself; but organized substances, if taken out of those 
situations and circumstances which are favourable 
to them, die : and, so far as we know, they are all sub- 
ject to natural death. When one of them perishes, 
either from natural decay or from accident, that 
same one is gon^ for ever, never to return; and 
there are no artificial means, nor do we know of 
any process in nature, by which it can be got back 
again. 

But although that may be regarded as universally 
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trae of every organized being as such, yet the mat- 
ter of which that being is composed is not k)dt b^ 
the death of the organized being, any more than if it 
had been matter in an inorganic state. That alone 
wmM suffice to show that there is something more 
than matter, or the common properties of matter, 
in the organized being. But there is further proof; 
we know of no instance in which an organized being, 
is produced, unless from a former organized being. 
It is true that beings of that kind often appear under 
circumstances where we cannot trace the steps. 
When any organic matter begins to be disorganized, 
or, as we say, begins to putrefy or rot, we always 
find that, if it is exposed to the air, or if the air has 
access to it,^ under circumstances favourable to the 
growth of organic beings, those beings, varying in 
kind with the decaying substance, are found upon it 
and supporting themselves on its substance. Some 
of these, even when they have attained their full 
size, are so small that the eye cannot distinguish 
the individuals ; and they are often found in pkuces 
to which we can trace no visible opening. But still 
they never make their appearance except in situa- 
tions favourable to their growth. When the bodies 
of large animals are left dead upon the surface of 
the earth, or buried at a small distance under it, in 
warm weather, they are very soon found full of 
maggots. But even with that small difference in 
the circumstances, there is a difference in the mag- 

gots. Above ground they are the larva of air-flies ; 
ut if below ground, they are the larva of beetles. 
If, too, before they have been affected by any thing 
else, the bodies are buried to a great depth in the 
eaith, or if they are far in the sand, or covered with 
quick-lime, or coated with any of the pungent resins> 
which are hurtful to most of the minute animals> 
maggots do not make their appearance. As little 
do they appear when the body is under water ; for, 
80 far as we know, though tiiere are many small 
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animals that will prey on the carcasses of land ani- 
mals when deposited there, there are none that place 
their eggs in those bodies for the purpose of being 
hatched. In deserts of hot and barren sand, where 
there is not, upon ordinary occasions, food for any 
of the insect tHbes, and where recent animal re« 
mains are very speedily dried up, such remains are 
> found without any. insect ravages; and the same 
may be said of places which are intensely cold. So 
far, therefore, from even those that are called infe- 
rior animals, being produced out of inorganic mat- 
ter, they are not produced out of the remains of 
oth^r animals, unless other circumstances besides 
the presence of those remains be favourable to their 
production. 

It is the same with vegetables. The fungi and 
moulds which come upon these in their decay do 
not come upon them equally under all circumstances. 
The common rot {Serpula distruens), which comes 
upon, and no doubt hastens, the destruction of the 
timber of houses, comes only in damp situations, 
and then only on the ends of the timber that are 
near the walls. So also the dry rot, or oak-leather 
{Xylostroma giganteum), which chastises ship-owners 
so severely, ?or using oak before it is properly ma- 
tured in the tree, and dried after being cut down, 
and also for keeping their vessels damp and foul, 
and without ventilation, never makes its appearance, 
even on bad timber, if the air play around that tim- 
ber with sufficient freedom. The fungi, and other 
parasitical plants which come upon timber, and al- 
most all land vegetables, when in a state of decay, 
and hasten their destruction, are, generally speak- 
ing, encouraged by moisture ; but, at the same titne, 
none of them grow naturally in the water ; and thus, 
however rapidly timber may decay under water, 
fungi never appear on it there. Various aquatic 
plants adhere to the surface of submerged timber, 
but they do so, not for subsrstence, but for stability ; 
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and though the course of a ship through the water 
may be impeded by the seaweed on its bottom, that 
weed does not tend in any way to injure the timber. 
As there are no sea animals which breed maggots in 
the dead bodies of land animals that find their way 
to the sea, so there are not in the sea any parasitical 
plants which hasten the decay of land plants there. 

There is another proof in the peat bogs : when 
trees fall through decay, in damp and rainy situa-^ 
tions, and it is only in such situations that they de- 
cay at the surface of the ground, there are generally, 
if not always, successions of fungi around the root 
of the tree for several years before it becomes so 
weakened as to yield to any thing but a flood or a 
tempest. When the tree does fall, it is usually cor- 
erea with fungi on those parts against which the 
water forms a damp, but not where it forms a pool. 
In that case, the fungi will be at the surface of the 
water ; and if the trunk is altogether under water 
there will be none. But even where the fungi do 
appear, they are not of long continuance. Their 
soft glutinous substance, which is soon gone in the 
Ordinary seasonal' crop, unites with the mud which 
the rains of autumn, after the season of the fungi is 
Over, collect, and the two form a water-tight paste 
by which the slope towiards the tree is converted into 
a little dam. There are abundance of the vermes 
of the fungi, in the matter of these dams, altnough, 
in that stage, even those- of the larger species are 
not visible until they have arrived at that period of 
their underground growth in which those of the 
esculent mushrooms are known by the name of 
spawn. Yet though they are there, they never ger* 
minate, if the water continues, nor would they do so 
if the place were to become quite dry. But the 
water brings another tribe, the mosses, the germes 
of many of which are as invisible when alone (ajid 
when with the plants their existence may be said 
to be inferred rather than seen) as those of the 

% 
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fongi ; and they cany on their labours, growhig at 
the tops summer and winter, and decaying at the 
bottoms, tiU they form a soil often many feet in 
thickness, and sometimes rising higher than any of 
the neighbouring grounds. 

Those invisible seeded plants, as well as some of 
the animals which are minute in their size, peculiar 
in their situations, and widely different in their forms 
and habits from those quadrupeds and birds with 
which we are most familiar, and which have become, 
as it were, the types of animals generally, in com- 
mon language, have given occasion, not only to a be- 
lief that there is orgsmic matter in so neutral a stato 
as that it may of itself become a land or a water 
plant, according as it falls in the one situation or the 
other, but also that there is inorg^anic matter so 
nearly approa(:ihing to vitality that it npt only can 
but actually does, become alive of itself. That is a 
doctrine which is not only believed among those 
who have no pretensions to natural knowledge, but 
it is always now and then appearing under different 
modifications among those who have ; and therefore 
it is one against which beginners in the useful study 
of nature should be particularly on their guard. It 
is as much as saying that certain kinds of matter 
can, without the agency of any thing eke, give them^ 
selves new qualities -r-qualities which were not 
merely previously unknown, but which actually did 
not exist! Now if that be true of any one kind of 
matter, be that what it may, there is no denying it ta 
any and every kind of matter ; and if that were the 
case, we should have all the species of matter con- 
founded and jumbled together; and that is a donclu^ 
sion against which we should most especially be on 
our guard, because it would unhinge all our natural 
knowledge. 

When we come to' examine plants and animals, and 
reflect upon the immense variety which they pre- 
sent) in size, in structure, and in habits^ we cannoft 
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easily avoid putting the qnestion, " Why they should 
be thus or thus." But, though a tempting question, 
it is a dangerous one, and we must presume no more 
than we see. From what was formerly said of the 
germes of the oak, we may form some notioh of 
how impossible it is to trace backwards through an- 
nual successions, and often through successions of 
several races in the year, plants which, in their full- 
grown state, are merely or not at all visible to the 
eye, and animals which are equally or even more 
minute. 

Yet why should we trouble ourselves about those 
minute points T There is enough to be seen in such 
a manner as we can understand it, in both kingdoms 
of living and organized nature. And as the mem- 
bers of those kingdoms are more susceptible than 
matter deprived of life, we have them more varied 
both by place and time. 

There is not a more beautiful study than the cli- 
matsd variation of the vegetable tribes, in their gra- 
dation from the extreme north, where they are &w, 
to the luxuriance of the tropical forests and groves, 
in which they not merely cover the surface of the 
earth, but are suspended by thousands in the air, 
without any immediate connexion with it. 

We may begin our survey at Spitzbergen, where 
the summer is only a few weeks, and the number of 
plants is of course very limited, or at the extreme 
north of Baffin's Bay, where it is doubtful if there 
be one land plant, unless we are to suppose that the 
** red snow" is a living vegetable. But even there, 
or at least as far in that direction as man can inhabit, 
there is some substitute : and where the land ceases 
to afford any thing but a place to rest on, the sea 
dtill abounds with wealth. The seal and whale 
tribes, though warm-blooded animals, and requiring 
to breathe the free air, contrive to summer and to 
wiAter there ; and in the extreme north of America, 
the CJsquimauz, who migrate a little southward in 
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the summer, and seek their subsistence by hunting 
and river-fishing, return northward in the winter, 
build their habitations of ice, feel warm in them, 
just because the cold is too intense for allowing, any 
of the ice to melt, even by the smoke and heat of 
the lamps, which serve at once for light and culinary 

Eurposes, and watch the seals at their breathing- 
oles for fresh provisions. 

Even farther to the southward, the plants are 
few ; and such as do appear are of the most humble 
appearance. In Iceland there are a few stunted 
shrubby bushes, but none of them of size enough for 
a hop-pole, or even for a substantial walking-stick. 
Notwithstanding, the Icelanders have plentiful sup* 
plies of timber, wafted to their shores without any 
trouble or expense of importation. Great part of 
North Aipehca — ^that is, the northern part of it, was 
once one continuous pine forest, and notwithstanding 
the " grubbing" by the Europeans who have settled 
there, much of it is a pine forest still. In those 
forests which have stood for ages there are of 
course trees in all stages both of growth and decay ; 
and as pines, in swampy places, are generally 
assailed by fungi at the surface of the ground, as 
soon as they have ceased to vegetate, many of them 
are IJirown down every season; and when the 
** frdshets," or floods of the spring, set in, they are 
rolled onward to the sea. Those who live in places 
where there js no flood, but where the surface of the 
earth is clear, — and every porous soil absorbs part 
of the water which fells from the clouds, — can form 
but little idea of the violence of a flood over a frozen 
surface, where the earth absorbs not a drop, and the 
melting of the snow is added to the! rain that falls. 
The combined violence of these is very great, and 
by means of it vast quantities of drift-wood are every 
season, though not in all seasons equally, rolled 
down the rivers of Northern America into me sea, 
and thence distributed by the sea currents, alcttg the 
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shores of all the dreary klands that lie near the 
margin of the polar ice. 

These pine forests form the characteristic vege- 
tation of the verge of the northern polar zone, and 
the northern part of the temperate one. There some 
of the species are fomid far to the south — as in the 
island of Teneriffe, and the mountains of Mexico, and 
some of the West India islands ; but it is a curious 
distinction of the two hemispheres, that though 
there are trees in the southern that are called pines, 
and have some of the characters of the tribe, there 
is not a true pine found native to the southward of 
the equator. 

Even in the north, where they are found in all the 
three quarters that abut on the Arctic Sea, there are 
peculiarities in those pines. Towards the east of 
Asia they are of small dimensions, but the timber is 
heavy, and very hard and durable. As one advances 
westward, they increase in size ; and the tallest that 
are met with on the old, continent are in Norway. 
In America they are very tall; and towards the 
shores of the Pacific they are giants of from 300 to 
400 feet in height, and 18 or 20 in diameter. 

Another pecuUarity is^ that though some species 
grow in the peat-swamps, the majority follow the 
directions of the rocky mountains, those especially 
which are composed oi granite, while the debris and 
secondary strata are covered with trees which shed 
their leaves. 

Few plantS) except fungi and mosses, thrive under 
the shade of pines, though in all the pine districts 
there are numerous species of wild berries and 
other sub-shrubby plants in the vacant spaces. In 
those forests there is, accordingly, but little to 
attract notice, except the gloomy grandeur of the 
pines themselves. There are no climbing and twi- 
ning plants ; and flowers are few, and by no means 
interesting ; while of native fruits there may be said 
to be none. 

Z9 
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Those pine forests, though the species are not 
the same, follow the lines of the mountains to nearly 
the southern boundary of the temperate zone ; and 
there are some lofty situations where pines are met 
with within the tropics. But oak, and the other 
deciduous trees, form the chtef characteristics of the 
forests in the temperate countries ; and the box and 
holly are found among the evergreens. About the 
same time the ivy and the honeysuckle are found 
native ; and in proceeding from the regions of the 
snow they may be considered as the first plants 
which hang their festoohs upon other trees. The 
honeysuckle is not, however, a parasite ; and 
although the ivy certainly does destroy trees, it is 
more by strangulation than by any other means; 
for when the roots which connect it with the ground 
are divided, it soon withers. 

As we advance still farther to the southward new 
trees make their appearance, and give a new char- 
acter to the scenery ; but as the continents become 
more and more separated from each other by the 
great ocean, their vegetable productions become 
more and more dissimilar. The pines of Siberia^ 
and Norway, and New-Brunswick, are not quite the 
same ; neither 31*6 the junipers and other evergreens 
of more humble growth ; but still they have a con- 
siderable resemblance. But when we advance to 
about the latitude of the Mediterranean we find far 
more dissimilarity. The deciduous cypress (T<ixo^ 
dium distieha), which is so majestic a tree m the 
lower valley of the Missi^ippi, is not found either in 
Europe or Asia ; neither is there in America any 
plant resembling the oork pak of Portugal and Spain, 
nor the cypress or cedar of the Levant. 

Somewhere about the same parallel we meet with 
particular spots which set all arrangements at de- 
nance, and forbid us to attempt tracing any general 
connexion between latitude, or almost any thing 
elsei and the vegetation which is predominant 
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Thus, Japan is a temperate and in some places even 
a cold country ; and some of the plants which have 
been introduced into Britain from Japan stand the 
winter not only better than the plants of southern 
Europe, but better even than some of the native 
plants which are found on the bleakest places. The 
Aucuba Japonica^ which makes the shrubbery so gay 
with its large and handsome leaves mottled with 
green and gold, actually bears the rigour of an Eng- 
lish winter much "better than a furze bush on the 
common ; and of a variety of evergreens, many of 
them reckoned of the most hardy kind, that were 
exposed to a snow-storm in the winter of 1826, a 
Camellia Japonica, was the only one that survived. 
There is therefore very little doubt that by due care 
the camellia might be made a common shrubbery 
plant in all the warmer parts of the country, and 
might flower there to greater perfection than it does 
in the conservatory. The Dahlia never came to its 
full beauty till it was cultivated and allowed to flower 
in the open air. When we recollect that the colours 
of flowers, and indeed of all plants, are chiefly owing 
to the light of the sun, and that the light never 
comes through glass entire, unless when it falls on 
the surface at right angles, which can only be for a 
very little while of the day through the same piece 
of glass, we may have at least some notion of the 
fact that plants in. a situation so contrary to their 
naturad habits must fall off. There are, indeed, not 
a few o^ the vegetable productions of the tropical 
countries which naturally inhabit places not very 
tmlike our hot-houses : they are surrounded by thick 
trees, so that the wind does not blow upon them, 
and when they get rain they get it in torrents. 

Another singular anomaly — ^if it is to be supposed 
that the characters of the vegetable tribes are to 
follow the latitude, or even the latitude and ele- 
vation — ^is to be found in the Himalaya Mountains, 
and their continuation to the west. At their lower 
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slopes those mountains have the vegetation of 
tropical Asia ; but as they are ascended, the vege- 
tation of Europe makes its appearance ; and the pro- 
gress has much resemblance to one from Italy to 
Lapland, in forest, orchard, and every thing. 

But the genuine tropical landscape is a curious 
sight to those who have been accustomed to nothing 
save the seasons of England and their succession of 
productions and phenomena. These productions 
are tempered to great peculiarities of weather ; many 
months without a shower or any moisture except 
the dew ; and then pelting rains of the utmost vio- 
lence. One year of such weather would, if there 
were no help to be obtained from any other quarter, 
cause a famine in England, and go far towards con- 
verting the entire country into a desert. No doubt 
many parts of the tropical redons are deserts, and 
some are deserts now which have traces of having 
been once fertile. It is not so much, however, to 
any alteration of the seasons that that is owing, as 
to alterations in the eartli itself, — ^to the fact that the 
lakes have been emptied, and the rivers have cut 
their channels so deep that theiy no longer continue 
to irrigate and fertilize the soil. 

There is protection against excess both of drought 
and of moisture in the surfaces of most of the trop- 
ical plants. Their epidermis, or exteriisd rind, is 
very compact, and in general highly polished and 
shining. Thus the light and heat of the sun are 
reflected from it in the hot and dry season, so that 
the internal parts are not excited to more than ordi- 
nary action. Then the compactness renders tHe 
evaporation far less than it is in the common plants 
of Europe, with a very inferior degree of tem- 
perature. ,In like manner, as the peculiarly smooth 
and close epidermis prevents evaporation to parch- 
ing in the dry season, it prevents evaporation to 
chilling in the humid ; and so, notwithstanding that 
intense action, of heat and light which produces sa 
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much beauty and fra^ance in the tropical fruits, the 
germes in the plants there have certainly a more 
equable temperature throughout the year, and prob- 
ably not a higher One than they have in Lapland. 
In all tropical countries the fruits are delightfully 
cooling, even when they are gathered under the 
burning sun ; and as the pulp of fruits has accom- 
plished its purpose, and is about to be yielded up 
to the general doom of materials, if man do not ap- 
propriate it to his use, if that be found to retain so 
very cool a temperature, much more so must the 
common juices of the plants,. many of which outUve 
the oaks and the chestnuts of temperate climates. 

The whole of the orange tribe, and the orange 
itself in an especial degree, show how well the trop- 
ical vegetables are, by a very simple provision of na* 
ture, protected from the vicissituaes of temperature. 
The volatile oil which is contained in the pellicles 
of the rind absorbs sad flies ofif with much of the 
heat; and the soft white substance of which the 
body of Uie skin is composed is almost as good a 
tNurrier against both heat and cold as the fur on an 
animal or the down ^n a bird. In consequence of 
that, the orange tribe, where they are uninjured 
when picked, and kept out of the circumstances 
which resemUe those in which an orange would 
prepare for growing in the soil, can be carried unin* 
jured to greater distances, and into a greater variety 
of climates, than any other fruit. It is very different 
with the northern berries ; none of them will keep 
their flavour, and few their form, for a week ; the 
strawberry is vapid the second day if fully ripe when 
gathered, and the raspberry is injured in an hour—* 
even in shorter time if the weather is very warm* 
All those are covered by mere pellicles, as tender 
and easily ruptured as they are thin; and more 
strength is not required for them, as the term of their 
existence is very short, and the. season is mild and 
comparatively uniform all tlie time they are passing 
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from the blossom bud to the ripened fruit. Not so 
with the tropical fruits. The trees which produce 
them have no winter of repose, and therefore the 
progress of their fructification is much less rapid. 
Generally speaking, they remain two years on the 
twigs, and thus they enjoy both the dry season and 
the wet; and in all cases where theytlo so, we find 
that they are provided with means of protection from 
the intense action of the sun ; and even when they 
come more rapidly to maturity, we still find the 
shining rind or capsule. Even if there is a shell, and 
that a hard and tough one, we find an external pro- 
tection, as in the coire which is between the ex- 
ternal rind of the cocoanut and the shell ; and, thus 
protected, the milky juice of the nut is very cool and 
refreshing. 

Even in the cold countries; if the leaf or the -fruit 
has to bear both the summer and winter, we have 
generally the shining epidermis and the shining rind. 
The leaves of all the evergreen pines, and cypresses, 
and' yews, and the whole tribe of the coni/ertBy are 
smooth, .while those of the deciduous larch and tax^ 
odium are not. It is true that the leaves of many 
of what we call evergreens are just as unusual as 
those of the lime and the mulberry, the latter of 
which is the last to come and the first to go ; but 
still they summer and winter on the tree : there are 
always two successions wholly or partly, upon it ; 
and the fall of the leaf with such trees is in the 
summer. The common juniper is almost the only 
native berry which we have that lasts more than 
one season upon the bush, and it has the firm rind 
and some of the other characters of those'that remain 
for two seasons in wsurmer countries. 

The water-melon is perhaps one of the most rer 
markable instances that we have of the power of 
tropical vegetables .to obtain moisture in the ex- 
treme of drought, and cold in the very violence of 
beat. In the Indian desert between the valley of the 
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Indus and that of the Ganges, there are many plaees 
where the surface, with the exception of here and 
there a crumbling stone, is nothing but sand ; there 
Is no water, except what has to be drawn from the 
depth of several hundred feet, and the rainy monsoon 
sometimes passes over without refreshing the sur- 
face with one drop of water. Yet even there the 
water-melons, planted in the dry sand, not only 
Vegetate, but attain to a size unknown in the most 
fertile places of Syria and Egypt. The diameter is 
often from a foot to a foot and a half, and the crops 
are very abundant. 
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But though we sometimes find a plant thus 
flourishing in the desert, and collecling cooling juicfl 
in abundance where, to our observation, there is 
nothing but dry air and burning sand, it is not in 
such places that we are to seek the characteristics 
of tropical vegetation As little is it iu the fields and 
■meadows ; for, in one sense of the word, fields or 
meadows there are none. If the grasses are in the 
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marsh, they resemble reeds, or even forests ; and if 
they are in dry places they disappear for the greater 
part of the dry season, unless they are preserved by 
artificial watering. So that in them there is little 
beauty. But the woods are truly splendid. Not 
merely the palms, though many of them are gigantic, 
and almost all of them have a simple grandeur of 
character which belongs to no other tribe of vege- 
tables, but the other trees, be the species almost 
what they may, are, in the undisturbed but ofteii 
impenetrable forests, the very excess of vegetable 
action. Bright as is the sun, the trees are so thickly 
matted, that their shadow turns mid-day into* twi- 
light ; and the branches are full of monkeys gam^ 
boiling and chattering in the most fantastic manner ; 
and of parrots and other zygodaclytk^ or yoke-footed 
birds, of the most brilliant plumage, scrambling^ and 
screaming everywhere. The earth, too, whenever 
a beam of the bright sun breaks in, is glistening with 
lizards, and the light is all radiant with humming- 
birds ; so that all the fancies of the northern roman- 
cers, whose pictures are of course limned only with 
the colours which thoy knew, about fairy-tland, are 
outdone by the plain and simple realitv. 

Then the epiphytea, or parasitical plants, are per- 
haps even more wonderfid. The greater number 
of them belong to the orchidea, many of the British 
species of which attract, by the singular forms of 
tneir flowers, the attention of even those who are 
not habitual observers of nature. The " bee," the 
" fly," the " i^pider," and many other names, have 
been given to them from resemblances to the ani« 
mals they are named after, which are not altogether 
fanciful. The more curious of the native species 
are most abundant on the dry chalky heights ; and' 
those soils,, in Kent especially, are worthy of a visit 
in April or May for the spider, a month later for the 
fly, and a month later still for the bee. But they 
are not confined to the €halk districts ; for som«^ 
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are found in bogrs, others in woodsy and others again 
at considerable elevations on the eold and steril 
mountains. 

The British ones are all bulbous herbaceous plants, 
with annual stems, and they annually produce one 
or more bulbs at the root. The roots of all contain 
a very soft and glutinous matter, which makes a 
wholesome light gruel, under the name of *' salep,"^ 
and is, in some of the foreign species, made into a 
kind of vegetable glue. But curious as some of the* 
British ones are, they are nothing compared with 
those that are natives of the tropical countries. It 
is difficult to imagine a whimsical figure that shall 
not have a sort of likeness in one or another of them ; 
and in the forests there, some of the monkeys and 
some of the flowers of the orchidetB so much resem- 
ble each other that if it were not for the motion and 
the chattering, a stranger would hesitate a little be- 
fore deciding which were the faee of the animal and 
which the flower. 

In their tints of colour they are most brilliant, and 
the contrasts are perhaps the finest that are to be 
met with in all the pencilling of nature. Ncnr are 
the plants so diminutive, or of so short duration, a9 
they are with us. Many of them are perenniial ; and 
though there are perhaps none of which the roots 
and stems can be considered as wood, yet they 
continue to endure and to grow where wood never 
grew. It would be impossible,' however, in any 
description that could be written, to cpnvey a popu- 
lar notion of their forms; but there sbre some of 
them that, in point of absolute beauty, and in as far 
as flowers are concerned that is utility, are entitled 
to take the lead among the whole of the flower pro- 
ducing-tribes. 

The following is a block outline of part of the 
flower of the one which may perhaps be regarded 
as the foremost of the tribe, and in point of floral 
beauty, the foremost of the whole vegetable king' 

Aa. 
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dom, though it is almost an absurdity to attempt any 
sort of representation of the gem oi flowers in a 
little wood-cut. 
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Rhinanthera coccmea is perhaps found m the 
erieatest perfection in the woods of Cochin China, 
^ugh it is common in China, and much employed 
there in the ornamenting of apartments. But in its 
natire woods its dimensions are more splendid. It 
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not only climbs to the tops of the most lofty trees, 
but it rises over them ; and it so interlaces and fes- 
toons them, that the whole forest is hidden; and 
when it is in Hower the whole is one mass of crim- 
son and gold, of so intense colour that the eye can 
hardly bear to look upon it. Then, different from 
some showy flowers, the scent is as fragrant and 
refreshing as the colours are brilliant. Nor does 
it seem that, splendid as this plant is, it is very 
difficult either to cultivate or to flower. Cochin 
China, though from the difference of their latitudes a 
much warmer country than Japan, yet resembles 
it in some particulars, and as even the fine plants 
of Japan are very hardy when put to the proof, it is 
natural to suppose that those of Cochin Cmna should 
be moderately so. It is true that this Rhinanthera 
has hitherto been treated only as ar stove-plant, and 
perhaps it may require to be ^ways so treated till it 
comes into flower ; but after that it may be brought 
into the house, and suspended from the rpof in a 
porcelain vessel, after the Chinese fashion, and it 
will there display its beauty for several weeks ; for 
the flowers are as lasting as they are fine. If left 
in the dry air, however warm that air may be, it 
does not flower ; but the method of bringing it into 
action is to surround the stem with moss, and keep 
that moss constantly moistened with water. 

But, in order to find pleasure and profit in the 
observation of the vegetable tribes, it is not neces- 
sary to resort to the tropical forests, notwithstand- 
ing the splendour of their appearance ; for the vege-* 
tation of every place is so beautifully tempered to 
the soil, the climate, and the weather of that place, 
that though some may be more iiovel than others, 
it is impossible to S9y which is the most interesting. 
If in o|ie place there is more continual action, there 
is in the other more activity after the season of re^ 
pose is over ; and where there are the flowers of 
eiunmer and the fruits of autumn in perpetual suq» 
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cession, we look in vain for the buds of spring which 
are at once the most beautiful and the most inspiring 
of nature's productions. 

Even the leafless groves have their charms ; and 
he who has never studied it in the winter has no 
proper knowledge of the beauty or even the form of 
a tree. There is fully as much character in those 
permanent parts as there is in the leaves or the 
flowers. There is a character of species in the bark, 
and there is a character of age. In the young shoot 
it is smooth ; but as the tree gets old it is rifted and 
thick. Except it be some of the sycamores, and 
they are not natives, there are not trees that^with 
ns annually cast their bark. In some countries it is 
diffi^rent. In New-Holland, for instance, all the 
species of Eucalyptus, and they compose the prin* 
cipsd forests, cast their external bark down to the 
white liber every year ; so that, though the leaves 
are evergreen, there is a " fall of the bark'' answer- 
ing to our " fall of the leaf." 

When we compare those two operations, and th^ 
consider the difference of the tiihber, we gain one 
Mint of knowledge in the economy of vegetation. 
The dismantling of the leaves is a protection to the 
plant as a whole. It presents a smaller surface to 
the wind, and the whole of it is wrapped up in a close 
mantle from the cold. The juices which, during 
the summer action, were liquid, become firm in their 
consistency and diminished in their bulk. The bark 
is elastic, and not only foUows the lessening of the 
stem, but co-operates in bringing about that lessening. 
This condensation in the wood of the tree, and it ex- 
tends to all the wood which is in a state of activity, 
necessarily generates heat, for heat is produced m 
all cases of condensation; and thus, the colds of 
early winter, which would destroy leaves, unless 
those leaves had the glossy epidermis of evergreens, 
has no injurious effect upon the stem. Indeed, the 
epidermis of an evergreen leaf has more resemblance 
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to that of a twig of the first or second year than to 
that of a deciduous leaf. The cold acts in it in nearly 
the same way, and it becomes rigid ; so that there 
is little or no action of any kind in it during the 
winter. And, as even the evergreen leaf is but a 
temporary organ, which accomplishes one purpose 
and then decays, the leaf of the evergreen does not 
revive in the revival of spring. 

If, after the winter is over, the leaves of a com- 
mon evergreen — those of the laurel, for instance — ^be 
tried by a proper test, it will be found that their 
vitality is gone, although their colour remains. The 
very best test of life in vegetables, as well as of 
health in animals, is the thermometer. The living 
thing, be it what it may, has always one tempera- 
ture which is the most favourable to healthy action, 
and it struggles to preserve that; but when the 
principle of life fades, the mere matter ot^ys the 
laws of matter ; and thus, when the evergreen leaf 
has ceased to perform its functions as a leaf, it has 
no longer the uniform temperature of the grov^ing 
plant, but gets heated in the sun and cooled in the 
shade, in the same manner as though it were a por- 
tion of inorganic matter. 

If the experiment is made after the young leaves 
are expanded, but before the old ones show any dis- 
coloration or other symptom of decay, and made 
when the sun shines brightly, the contrast is very 
striking ; so much so, that an instrument is quite 
unnecessary ; for the young leaf feels cold, and the 
old one warm. This shows that all action in the 
old leaf has ceased ; because it is the action, the 
evaporation of moisture at the ^surface of the leaf, 
which preserves its coolness. 

In all cases where there is an annual leaf, there 
is also an annual plant. In trees which last for 
years that is a very beautiful study ; and if we could 
separate the oak which has stood a century into the 
hunted oaks that have been produced in the sttc** 

Aa!^ 
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cessive years of that century, there is nothing in the 
Biuseums half so curious. But we can trace them 
in the cross section of the hole, and so virtually ar- 
rive at all the rest. When the infant oak sprouts 
out of the acorn, it is nothing but pith and pellicle, 
the former a small portion of jelly, and the latter 
very soft and tender. Even then the oak is an or- 
ganized being, fVom the moment that we can discern 
it ; and, previous to that, there is nothing but con- 
jecture. The vital principle of the plant is not a 
quality or property of the pith, or of the pellicle, for 
Doth of these are mere matter, and neither of them 
could of itself originate an oak any more than the 
soil in which the acorn is set. The life consists in 
^e union of the two» the action of the one upon the 
other; and that action takes place at the surface 
where they meet. During the first year that action 
converts the food of the plant (derived at the first 
from the cotyledons, or lobes of the acorn, and then 
from the soil and the air) into a new substance, the 
eambium, or "changeable matter." That begins to 
be formed as soon as ever the little plant pute out a 
leaf, but the nature of the substance which is formed 
depends not a little upon external circumstances; 
and the quality of the timber which the tree is to 
produce is, in all probabihty, determined by the cir- 
cumstances under which the young plant perforins 
its very first action. 

We know from observation, that no plant will live 
without air, or be healthy if the air is not pure and 
good ; and we know, from the same source, that if 
the plant is shut up from the light, it is colourless, 
and contains little or no charcoal. If, therefore, the 
young plant be in air that is tainted, or too deep in 
the ground, its action must be vitiated, and it must, 
as oiie may say, " start with bad timber." Now, if 
a taint is given at the commencement, that is a con- 
stitutional taint, and must remain with and vitiate 
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the tree, how long soever it may live, or wliat sisa 
soever it may attain. 

Complaints are every day made of the badness of 
the oak timber now, as compared with what it waa 
formerly ; and these complaints are well fomided. 
What with dry rots in confined air, and rots in wa- 
ter, and slow decomposition ki the atmosphere, mod* 
em oak, which is, generally speaking, planted oak, 
is absolutely less durable than even some of the in- 
ferior species of pine, and far inferior to the native 
pine of the mountains. A piece of heart of oak, 
chosen by the king^<8 builder for royal purposes, had 
been seasoned and prepared in the most careful man- 
ner ; and after that, it had been kept dry in the cen- 
tre of a trussed beam for more than twenty years. 
It is not easy to imagine how a more desirable spe- 
cimen of oak timber could be procured ; and it cer* 
tainly appeared well. The colour was good, the 
grain close, and the texture very hard and firm to 
the tool. Well, a piece of this same oak was let 
into the ground, in a dry soil, and so situated that no 
drip fell upon it, or trickled down it ; and it remained 
between three and four years. Upon its being taken 
up, all that portion of it which had been in the ground 
was in the same condition as the alburnum, or sap- 
wood, of very old oak piles when they are taken out 
of the water,— more like compact clay than timber ; 
and when dried, it " broke short," and crumbled into 
powder. In colour it was more like rotten pear-tree 
than rotten oak, for there was no blackening, and 
yet the soil contained a great deal of iron, so that 
the timber must have been deficient both in tannin 
and gallic aci(}. 

It was not, as has been said, the sap-wood, but 
the very best part of the tree, and from inspection 
of the cross-cut, the tree had not grown with any 
vely extraordinary rapidity. As little was the in- 
jury done at the •* weather line," just by the surface 
of tne earthy where the durability of timber is put to 
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the severest test ; for the decay extended, not only 
to the entire portion of the part that was in the 
ground, but also to a cross piece, which was nearly 
two feet below the surface, and which, of course, 
had no weather line, from which its decay could 
originate. Some pieces of American, white pine, 
which is considered to be the worst timber of the 
whole pine tribe, were put down for the purpose of 
keeping the durable "Jieart of oak" steady, till the 
earth should be consolidated about it. When taken 
up, these were entire and merely wet, while the said 
heart of oak was completely gone ! 

But that was not the case with oak of former 
growth; those eak posts and beams, in the earth 
and out of it, in all sorts of situations with regard to 
damp, confined air, and all other circumstances 
which are usually charged as being the causes of rot 
in the modem oaks. There are old piles drawn out 
of foundations in the water, where they must have 
been for upwards of five hundred years ; and though 
the sap-wood of them i« in a state of decomposition, 
and the heart champs when too suddenly exposed to 
the drought, yet the heart of those, properly treated, 
is as sound as when it was put down. In the peat* 
bogs, and other submerged forests, too, there is 
abundance of oak ; and if care be taken in the drying 
of it, that oak is as hard and durable, at the same 
time that it is as black, as ebony. 

But our modern oak will not last as many years, 
in some instances not as many months, as the old 
oak > lasted centuries. The specimen upon which 
the above experiment was made was of chosen oak, 
picked in the royal forest, and, therefore, presuma- 
ble to have been the very best that coidd be pro- 
cured, and yet, had it not been protected by the pine 
beam in which it was cased up, the probability ia 
that it would not have lasted any longer in its first 
situation than it did in its last. To build houses of 
such oak is mockery, to build ships of it is cruel; 
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for while they have the external appearance of 
Boundness, they may go to pieces with the least 
strain, and bury all on board in the deep. Only thaCt 
the fungi are not of the right species, such timber 
would answer the purpose of the mushroom-grower 
far hetter than that of the builder or the ship-car- 
penter ; for the timbers go into .their places loaded 
with mushroom spawn, and, in fact, progress to the 
state in which that generates ; and so, in as far as 
oak is concerned in their structure, we have mush- 
room houses and mushroom ships.. 

What is the c^se? Why should it be that 

w lien navigation is every day increasing in extent 

and value, the grand engine of navigation should 

be deteriorating every day? "The dry rot," is 

he answer. Well, be it so: what is the dry rot? 




DRY ROT. {Xylostroma Xxiganteum.) 

^^Xylostroma giganietan, which grows in the timber^ 
like a thick broad patch of dull yellow leather, or 
terpula distruens in other instances, which is smaller, 
redder in the colour, and whitish at the edge; but 
that last is as often found upon other timber as upon 
oak." Well, that is not a point worthy of much dis- 
pute ; the timber is destroyed, and, generally speak- 
ing, these are fungi ; but it is just about as sensible 
to call those fungi " dry rot," as it would be to call 
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flowini? blood " a wound," or the wonns that con- 
sume the body " death." Why come the fungi there ? 
There was a time when dry rot was unknown ; and 
as long as the beams of houses were of good oak, or 
chestnut, or red pine from the north of Europe, there 
was no information laid against serpula. Besides, 
there never appeared a single fungus of any species 
upon or, near the piece of oak in the experiment, and 
yet it passed from what may be regarded as the best 
state that it could be in for duration, to absolute 
uselessness, in so short a time, that if a ship were 
to decay as fast, the whole freight that could be ob- 
tained would not pay for the treenails, how is the 
same dry rot to be got rid of I " Oh, wash the tim- 
bers with sulphate of iron, and other saline solu- 
tions* and let the ship, or the house, as it may be, 
be well ventilated." The old story. "Call in the 
doctor, apply a lotion, and exhibit a bolus," under 
which the diseased have continued to die ever since 
medicine was a science. Are ships kept less clean 
now than they were before the dry rot was heard 
on or are they or houses worse ventilated ? Truly 
not. If there be any difference, the ships must be 
kept sweeter, else the chlorides, and other powerful 
fumigations, have been invented and applied to little 
purpose. The crews certainly keep their health bet- 
ter than they did formerly ; and it would be some- 
what wonderful, if air which were more wholesome 
for human beings should be more deadly for oak 
timber ! As for the houses again, there are certainly 
more under-ground apartments than there were once, 
and possibly more than it is wise to have. It may 
happen, too, that the tax upon windows has impaired 
the ventilation by those apertures ; but in many of 
the modem houses, and those especially where the 
rot appears, the loss of ventilation by windows has 
been more than made up in ventilation by waUs, 
many of which are so thm, and of materials so m^ 
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firm, that, in as far as air is concerned, the fabric is 
ventilator all over. 

But fungi, by what names soever they may be 
called, are not locomotive destroyers ; they do not, 
full-grown, career over the land and the waters, to 
prey upon sound timber, as hawks do to prey upon 
birds, or wolves to prey upon sheep. The spor<B^ or 
whatever else the small, and generally invisible 
germes of the fimgus may be called, are perfectly 
passive, and of themselves can do no more harm to 
an oak beam than could be done by a mustard^seed. 
The soil in which alone it can germinate, or begin 
its action, is rotted wood. If it meet with that, it 
will germinate ; if not, it will remain inactive. There 
is no doubt that t|ie increasing quantity of rotted 
timber has increased the number of those plants ; 
but that it has in no way altered the law of their na- 
ture, which is to grow in rotten wood, but not in 
wood which is sound. The only rational view of 
the case, therefore, is that the timber must be rot-.^' 
ten before the fungus can act even in the slight^n 
degree ; and that, consequently, the, fungus is pro- 
duced by the rot, and not the rot by the fungus ; and 
though the fungus is destroyed, the rot will go on 
probably as fast as if the fungus were not there; 
only as the fungus has a great attraction for moist- 
ure, and as moisture, though not the cause, is an in- 
strument in producing the rot, the fungus may, when 
it appears, hasten the destruction. 

It has been thought advisable to go into this case 
at some length ; first, because it is a highly important 
one — one c? the most important to which the atten- 
tion of a maritime people can be turned; and| 
secondly, because it snows how dangerous it is to 
proceea upon mere human opinion, however learned 
the holder of that opinion may be, if it is not borne 
out by facts which have been found out and estab- 
lished by a careful and thorough observation oi 




f88 S7FECTS OF TREATINO 

nature, in every way in which nature can bear iipon< 

the point at issue. 

Imported oak has been blamed for this decay, and 
it is true that the imported oak, and more especially 
the oak imported from America, is inferior to the 
oak which once grew in the forests of England. But 
the deterioration is not confined to the imported 
oak; and however bad that may be, it could not 
inoculate the oaks of the forest with its deleterious 
quafitres, any more than the species of insect called 
American blight, which infests apple-trees, conld 
take its departure for Hereford or Devon, imme- 
diately on the landing of a cargo of American apples 
at Liverpool. The rot is in the timber itself, — tKaf 
is of an inferior quahty ; and the cause why it has 
been allowed to degenerate is, that they by whom 
oak-trees have been bred have not been careful in 
the observation of nature, but have proceeded in their 
operations by means that had no natural foundation* 
JHie object of the grower has been to get goodly 
—trees that pleased the eye, without any regava 
iathe q^sliS^ of the timber; and the object of the 
BurserymannftS^been to rear up his seedlings and 
get them to market <18 soon and in as showy a con- 
dition as possible. .^ ' 

It has been said that ISrj^ wrong oak has been 
cultivated, and that may be trUe, for the very same 
circumstances which led to the wrong mode of 
treatment may have led to the using Of the wrong 
plant. The collector of acorns would naturally 
proceed upon the joint principles of "the most 
easily obtained and the most saleable." I do not 
know that it is in all cases a positive fact, that the 
worst kinds of oak are the most prolific of acorns; 
but it is a sort of generally-observed law among vege- 
tables, that where there is a great deal of fruit, the 
wood is soft and perishable. And that has reason 
on its side ; trees do not work miracles any more 
than men do ; and, therefore, if their action is more 
turned in any particular dJrectioOr it must be less in 
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any other. Fruit tre€is are often killed in the woody 
by excessive bearing ; and therefore it is natural to 
suppose that a similar excess must injure the wood of 
an oak. ' Now, it generally happens that in the same 
species, whether in the same or in different yarie> 
lies of the same species, the productions tun largest 
when they are most numerous. Hence the acorns 
of the oak having the inferior timber are the most 
profitaUe for the gatherer both to gather and to sell ; 
and those two circumstances are quite sufficient to 
bring ihefin to the market in preference to, and even 
exclusive of, tlfe other, — more especially as the pur- 
chaser is to grow seedlings and not oak ti mber. The 
question of the timber is, indeed, a questfon seventy 

J ears Hience viriththose^who deal in acorns and seed- 
ng oaks', and as they h&vi& small chance of hearing 
any complaint that may be mi^de about the quality, 
tiiiey of course give themselyes very little concern 
about it. *^ ' . 

But still granting that the acorns are those of an 
inferior dak, and that there are those mercantile 
considerations in* favour^f their use, that is^ no jus- 
tification of the breeder oi" the planter of the oak. 
An acorn is not an oak ; there is merely fliat in it 
which will, in time, make aii oak out of other ma- 
terials, if it is put ^properly in this way of so doing. 
Nor is there any reason that an acorn should not 
be made to produce a better sOak, than the one upon 
which it grew. "Improving the breed'' is com 
stantly done by those who rear domestic animals, 
and has been done in the case of cultivated plants, 
more especially^those that are used as human food, 
from the beginning of history, — ^and before it< for 
we meet with the names of th6se cultivated plants 
which have separate types in sL l^ild state, in tho 
most ancient histories ; and those ^i^ts must have 
b^en cultivi^ted out of something. The most learned 
bc^anists x^i the present day cannot be absolutely 
eMain about the original potalo ; various speciag 
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or varieties of the cabbage tribe are stiQcient t9 
puzzle a novice ; and after a while the wild plants 
from which we have bred the Camellia Japonica and 
fhe Dahlia wiU not be d matter to be settled at a 
glance. It is not very long since the wild roses of 
Scotland were bred double and so deeprcoloured as 
some of them are ; and yet, to Jpeopk th^ have isome 
little knowledge of plants, their relations to the ones 
still wild are, even now, fully more matters of tes^ 
timony than of ocular proof. 

Now, if people have been able to GoltiviaLte. ahi-> 
mals into greater size si^d strength and beauty, and 
also to make them have better flesj^i and finer wool ; 
if they have been able to improve by culture the 
beauty of flowers, and. the liiburi^hing qu^ities of 
aU maimer of esculent roots, stems, leaves, and 
fruits, it would be passing strange if their culture 
could do nothing for an o^-tree, but make it more 
worthless timber. If all the earth "were given 4o 
|nan for improvement, and ho had improved mi^ch 
of it — ^as he actually has done,^t ivould be a perfect 
anomaly, if timber, which is /so very useftil, should 
be the single article on ^which he bquid not lay his 
hand of culture without doing it an injury. It is 
impossible to believe that sikp^dii anomaly can exist 
in nature ; and therefore, the only way is to cate- 
chise the man who makes the attempt; and if he 
does not understand what ne is doing, send him back 
to nature to inform^himself ^sto what he should do. 

There is a custom, and a very inveterate custom^ 
which we have,, and that is the custom of general- 
izing analogies. If there be a way in which one 
thing answers very well with us^ we itre apt to think 
that same way will do as well in aU other things, 
•vjen though theP things ^re, in their nature, quite 
different. W<^ go about to persuade ourselves that 
the way of doing one thing is the way of doing every 
thing, just as Lord Peter, in Swift's " T^ale of a Tub,** 
went ^ut to persuade his two hrothfers^ Martin and 
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Jack, that the brown loaf was beef, and mutton, and 
venison, and custard ; and, as we are always very 
willing to believe ourselves, we are far more ready 
believers than Lord ^Peter's brothers. 

Now, in all our cultivations of veg^etables, there is 
none save tfiat of timber trees in which the quality 
of the wood is any consideration ; and there is, per- 
haps, none of them in which the wood is not actually 
deteriorated by the culture, In the grain plants that 
is decidedly the case. Straw is very inferior to hay, 
in strength, in flavour, and in every quality. The 
more highly, too, that the grain plant is cultivated, 
and the more abundantly it produces seeds — the 
grand objiect of the culture — ^the straw is always the 
worse. In the cold ^stricta, where, the crops of 
stunted oats' are baldly worth the gathering in, and 
would not be worth it at all in a place where labour 
was high, the straw is i:ich ahd sugary, whereas the 
straw m barley or wheat grown upon land hi high 
condition is^ perfectly insipid. The former, too, i9 
tough and firm, the latter soft and brittle, with little 
or no, substance in it of anv kind. 

It is the same with all the jdants. Our object is 
to obtain a certain part Of the plant more abundantly, 
and in higher perfection, than it exists naturally, and 
We can obtain that only at the expense of the other 
parts. Compare a crab-stick with a^ similar portion 
of ah a^le-tree, — a hazel-twig with one of ^bert, 
a black-thorn witl^ a plum (if any or all of these be 
respectively the wild plant and the cultivated of the 
same species), and see^how inferior the wood of the 
cultivated tree is to that of tjie other. " The wild 
wood" is just as superior in life as it is in strength. 
We have difficulty in keepifig the cultivated plants 
** rooted in," and we have as much in getting ttie ¥rild 
ones "rooted out." A Very little observation of 
nature, and a few very simple reflections on that ob- 
servation, might have shown us that that must have 
beeii, the tose ;' and had we taken that trouble, and 
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yery small trouble it is, we should never have gone 
about tojcultivate timber in one plant, by the very 
process whereby we destroy timber il) all other 
plants. Yet we have done and we continue to do 
fhat; for, grafting excepted, we breed oaks and 
peaches in the same ground, and much after the 
same manner. We may make some difference in 
the mould in which they -grow 5 or we may choose 
that which we fancy will he the best for each; but 
we do not even that as observers of nature, at least 
as very attentive or close, observers; for our good 
soil for oak is that on which we 'have seen lai-ge oajts 
.growing, whether the timber of those oaks happened 
to be good or bad. 

Let us return to our aeorn ^^id our embryo oak. 
That embryo plant, we shall suppose, is just begin- 
ning to be independent, by which time it i^y have 
stricken its root. six or eight inches into the ground; 
for the oak remaW much longer oitthe cotyledons 
than many other trees, and has also a root and root- 
lets ready for action in the eartli. The cotyledons 
do not rise and partially take the form and probably 
perform the functions of le^ve^, as in many other 
plants.; so that th^ action of tne air is confined to 
the rising plumule, and the true leaves which it puts 
forth. When the acorns are sown by nature, they 
-are sowji on the surface,, not under it. By jiooking 
back to figure A, On page 93, it will bQ seen that the 
sprout tends downwards, as if to reach the 'ground, 
while the acorii lies on its side upon the surface, 
though even then thQ little tubercle which is to be- 
come the tree keeps its apex upwards. It is evident, 
therefore, that that part of the process is haturaUy 
done in the air ; aQd, though seeds are better to have 
the light excluded during what may be trailed the 
" fermentative" part of the process of geimination, 
which is the .earliest stage of it.; yet in the case of 
the acorn, that is oyer before the shell is raptured. 
The 9com from wMcb the figure was drawn was 
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taken from under the earth, not above an inch or an 
inch and a half indeed, but still under a firm cover- 
ing, 80 as to exclude the light from it altogether, and 
the air nearly so, at least the free action of the air ; 
and, unless by some effort, which it is not easy to 
see any agent capable of producing, the first leaves 
must have been formed, and the character of the 
oaJk determined, before the li^l^t could possibly have 
had the i^allest effect upon it. 

Now it is very much to be suspected that it is at 
this early sta^e that the mischief is done ; and I am 
the more inchned to that opinion from the fact that 
the practical men seem to know very little about 
the process of germination, even in those seeds 
which they are sowing by thousands, na^, millions, 
every yearj— there is hot much, indeed, in the pro- 
fessed writers on vegetable j)hysiplogy* inie 
agency of light was not understood in the days of 
Orew and Malpighi ; and though that agency be 
bettet understood now, there has not t^en very 
much added to the other branch of the science. 
Besides, the buried acorn does appear to make 
some sort of effort to come to the surface, and when 
it is there the cotyledons acquire a greenish tinge, 
which they do not acquire when buried ; and that 
clearly shows that ih their natural state, they ^ve 
to the food with which they supply the you^ P^an^ 
some of that preparation which vegetable matter 
receives from the action of light. The condition of 
all blanched and etiolated plants, compared with that 
of the very saime species freely exposed to the air, 
clearly shows that carbon and astringencyy the very 
things in which the perishable 02SL timber is de- 
ficient, are among the principal results of the ope^ 
ration of light. These additions appear to hinder 
rather than forward mere growth at the time^ for aa 
etic^ted potato will rise thirty leet in the dark, 
whereas U would not rise as many inches if expose^ 
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to the light ; but in the case of timber therQ is a galtt 
in consolidation, and tiiat is the main point. 

The way in which the parts of the oak ^ cqme" 
farther shows the importance of light to it at the 
very instant the plumule begins to move. By. that 
time the root has penetrated to a considerable depth, 
and is furnished with absorbent rooUets. The nour- 
ishment which these procure^ cannot be acted on 
by the -light in them, and the plumule, being just 
beginning to move, has no leaves, so ^tfiat if the 
cotyledons are buried in the ^arthyi the. oak must 
be^in tif^ with all the weakness of an etiolatted plant ; 
and if it begins without the carbon and astringency 
that are necessary for good oak timber, the timber 
of it must be bad, how lon^ soever it may stand, or 
what size soever it may attain. Puture treatment 
may m^e it grow, faster, or slower ; but no future 
treatment can change, the t;haracter virith which it 
starts. If it starts good timber, it may be stunted 
or deformed, but it will be durable ; aiid if it starts 
bad timber, it may be showy, but it can never be 
godd. * 

Too rich and stimulating a soil knay ^Iso injure 
the timber, ^ven though the acorn, ruptured as. it is, 
be exposed to the light; and if the acorn is buried, 
and the soil too rich at the isame time, they wiU 
jointly injure the quality of the tree* 

Cultivators sometimes forget (and it is often. an 
unfortunate forgetfulnl^ss) that the healthy condition 
of a plant does not depend on the soil, the moisture, 
or the heat ; that it does not depend upon sdl three 
jointly, or on the proportions that they bear to eadh 
other. . To that part of the plant which naturally 
liv^s in the air thene must be, light ; and although 
their artificial heat without light may do for those 
roots that are naturally under ground, it is extremi&ly 
doubtful whether any substitute can be found for 
Ike beams of the sun. So, if there is artificial heat 
applied to the leaves, its action will be imperfect. 
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and the quality of the plant deteriorated, if there is 
not the li^ht of the sun along with it. 

The soil, the humidity, the air, the heat, and the 
light must, like all causes which work jointly ifi 
producing an effect, be duly proportioned to each 
other; and when, in any combination of that kind, 
there is any one of 4he causes over which we have 
no (Control, we must regulate our measure of all the 
others by that* Now the light and heat of the smi 
^re the only causes of. the growth of vegetables 
which are without the control of man as to quantity, 
and the light is most exclusively so. We have not 
the smallest power over il, jeither in respeet of du- 
ration or of intensity. Peirhaps something might 
be done by means of mirrors, but they have not 
been tried, and they could not be used on the great 
scale. Indeed, it is probable that ;any attempts to 
increase the intensity of light by artificial naeans 
would do mischief rather than good. On sunny 
days, any additional concentration up, even to that 
which would bum the plants if dry, and boil them if 
moist, could be obtained { but then, as there is no 
calculating when it shall be sunshine and when 
cloudy, the transition frOm.th^ artificially increased 
sunbeams to the natural shadow of clo.uds would be 
destructive. Thus the safe^ plan is to regulate all 
the other matters by the natural light. 

Here a little fact presents itself, which is not 
wholly unworthy of notice. The first necessary 
Ihat man has to find, by skill and artificial means^ 
is food; and light, the agent in vegetation over 
which he has the sm^dlest control, appears to have 
less to do in ^preparing vegetaMes for food than in 
preparing them for any other purpose. Succulent, 
pulpy, and farinaceops matter, the kinds which, are 
most nutritive, are best when prepared out of the 
immediate reach of light. When part of a potato is 
above the surface, the light turps it green^ and tha 
tastQ is unpleasant., ^ow it to be £Mrmed, and to 
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grow altogethev in the light, and it is not edible, 
neither will it make into starch. Its qualities ap- 
proximate those of a leaf or a stone. Celery, and 
the other plants which are generally made use of in 
a blanched state, are unfit for being eateti if the light 
has free access to them ; and generally where mere 
nutriment is the object, it is best attained in the 
shade. . 

Forest trees of which the cotyledons rise above 
the surfece, and perform the functions of leaves, are 
not so much deteriorated by the nursery mode of 
sowing, as those of which the cotyledons remain 
below, but still they aje all injured less or more, so 
that no planted tree forms timber equal in quality 
to that of naturally sOwn timber. The planted pines 
are a very striking instance of that; for in those 
districts where the natural; pines affoM very excel- 
lent ahd durable timber, the planted ones, e\^en when 
the cones have been taken from the ^ natural trees, 
are spongy and soft; and the "hearty" wood of 
them doesiiot last much Ipnger than the sapwood 
of the natural trees. - • . 

Want of the proper action of' light at "starting" 
is not the jonly injury which timber trees sustain, by 
the way in which they are grown for the market. 
They Eire sown so dose, that while they remain in 
the seed-beds they want both air and light. A seed- 
bed of pines, iii the early stage of their growth, 
Resembles a. plat of moss more than any thing else^ 
and when it is considered that, in the situatioil where 
they axe native, the pines stand singly and are ex- 
posed on all sides to the action of very keen air, 
it must easily be seen that they cannot acquire their 
dtie strength when huddled together to the number 
of many hundreds on a squsSe foot. Those who 
are familiar with pine forestis, or pine plantations, 
must be aware that the s^eds of the cones never 
germinate under the thick shade of the trees, and 
grow i3p 60 as tc^ forni an underwood in the forest. 
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Cones in abciiidance are produced ^ery season, biit 
they Gontribate chiefly, to the food of the animal 
inhabitants, and it is only where a blank occurs, from 
the decay or the casual destruction of a tree, that 
younjT plants rise to fill it up. . There are, indeed, 
few or no trees of which the young plants grow and 
form underwood, ^hile the old Ones remain filling 
the air above. Nor Would it be in accordance with 
our general obseryation of nature if they did. The 
young of no tribe, vegetable or animal, are %^e de- 
stroyers of the old; they merely come on, in succes«> 
8ion, when they are required; though the germes 
Of dl are exceedingly numerous, so Uiai there never 
is room on a fit soQ at the proper season, witl^ut 
the plant appearing to fill it. But man comes in 
with his nursery-bed ; and though he cannot be said 
to overstocic the- country (for there can hardly be 
too many trees-^and there are numerous and wid^ 
wastes in Bnglamd, where it is 4iMnc&<^®/ul that there 
are not> millions), yet the^ nursery-bed i& over- 
stocked, and the consequence is, the dry rot in oak, 
and general rottenness and want of strength „in <dl 
timber. 

The inferiority bf planted timber is often attri- 
buted to the act of transplanting; but though that 
may have a considerable influence upon the growth, 
it cannot have so much on the quality of the timber. 
Trees that have long top-roots, as the oak has, 
cannol be transpl^ted without injuring them^ and 
injuring them often to a considerable extent; but 
still that is only ^mechanical injury, and caA affect 
only the size and appearance of the trec^s. 

The economy of vegetables has not been carefully 
and extensively enough examined, for enabling usio 
say what effects variously tainted atmospheres havex 
upon forest' trees, or even uppn vegetables of any 
description ; but enough is known to Jet us see that 
they must be very pernicious. The air of the sea 
is very httrtful to all i^ants that contaia potass, 
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though there are some trees that^ grow in the salt 
water, said actually invade the ocean. The man- 
groves that abound so much on the muddy shores 
of tropical countries, and form a sort of soil like the 
Ultima Thute 6i the ancients, neither land nor sea, 
are a remarkable instance of that, and the maritime 

gihes of the Mediterranean chores are^ another.' 
[etallic fumes are very hurtful to vegetation, more 
especially' those that contain lead; and the trees 
near lead inines are few and sickly. Saline efflo- 
rescences upon the surface of the ground destroy 
vegetation; and wOrks where sulphur is burnt into 
sulphuric attid, and those at which Prussian blue, 
and various other coloipring matters are prepared, 
are, if possible, more%o. 

Now it is evident, whatever substance has an inju- 
rious eflfect upon trees in an advanced stago of their 
growth must be much more injurious to them at the 
very commencement'. But the commercial advto- 
tages of having nurseries for forest trees, as well as 
other plants, near great towns, are so many, and so 
much mOre obvious than the injuries that may thus 
be done to the ^ees, that many of them are in very 
tainted atmosphere^. Ground there is high rented, 
and the plants ^re in coiisequence huddled together 
as closely as posdible^both in the seedbeds, and after 
they a^e transplanted. Still, with the rich soil and 
skilful management in such places, the trees rush 
up quickly and look well, so that they are more 
'* taking to the eye," and fetch higher prices, than 
if they were to produce better timber. Indeed, those 
plants, inferior as their timbelr must be, are actually 
the most aocet)table to the immediate planter. -Most 
species of forest trees are so long, in coming to ma- 
turity, that the grand incentive to the .planting of 
them is ornament, and not use. Even the man who 
accupiulates for posterity, in readity seldom does so 
in his own feeling of the matter; for he who leaves 
the most to others when he quits the world, did not 
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Ciollect it fot them, bat foi: hifnself— for the gratifi- 
cation of his desire of possession. T)ie man who 
giants wished to have something to look at, and to 
ave it as speedily as possible, and that, with the 
other circumstances that have been noticed, con- 
spires to cover the ijch districts of the country with 
growing rubbish, which, when i( comes to be cut 
down, is fit only for. firewood, and very inferior for 
that. To obtain, good -timber by cultivation appears 
then to be very difficult, if not altogether impossible ; 
but still it is highly necessary that the causes shc^uld 
be known* 'But let us return to the iperely de* 
scriptive part of the subject:^ the hundred oaks in 
a hundred years.'' 

Well, the plant of the ^rst year continues to send 
down a root, and push, out rootlets, and to elevate a 
stem, put out leaves, and show the germe of a bud 
or buds, imtil^it has attained a certain size, and then 
it pauses for the ye^. During the whole time of 
its grp wth, the whole consistence is soft and juicy ; 
and though there are vessels in ity they are not very 
easily deen by the naked ey^. £ut when the en-, 
largement of bulk ceases, a new action takes place, 
the whole gradually becomes more firm, and if it is 
cut across, tiie pdlpy substance will be found sepa- 
rated into a central piece and a ring, with an inter- 
vening r^ of pellicle, as well- as another on the 
outside. ^ 

The centre piece is the pith, wliich, as the season' 
advances, renders^up its moisture to the other parts, 
becomes spon^^ and shrinks in bul^L, as if its object 
were accomjuished. The ring of pellicle next 
to it is the Voung wood, which xiiay be obs^rve4 
shooting as the season advances, the eiUemal ring 
is the baik, and the pulpy matter between is the 
substance furmshed bv the roots,^.and prepared, and 
also in part furnished, by the leaved out of which the 
wood and bark are formhig., All these parts are ex- 
clusive of the epidearmi8,^0r mere external covering. 
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which merely swerves to protect the oth^r parti^ from 
external interruption or injury. [By-therwayi the 
possession of a protecting epidermic is one of the 
best popular means of distinction between organie 
and inorgaaiic beings, in those obseure species in 
which they resemble each other the most.] 

At the close of the season, the whole of the c^rfUf 
hium, or cl^ngeable pidpy matter, is formed into 
wood and bark, which adhere firmly to each other 
at the line of separation; and when that is accom- 
plished, the leaves are of no further use, and they 
change colour and fall off; for though there are ves- 
sels apparency of a woody texture in the leavB», 
they are not the product of the same action as the 
wood of the tree. That action extends .only^o the 
base of the petiole j or foot-stalk of the leaf, ^nd as a 
pellicle of epidermis'gradually forms upon that, as it 
becomes complete, the leaf separates Without a 
wound. Whenever indeed the a<ctibn ,of a tree 
ceases, whether naturally at the season njrhen^ it 
passes into repose, or in consequence of an external 
check, such as transplanting it while in leaf; the last 
action of the tree-^the effort of niature by which it 
preserves its vitality— i« the formation of that epi- 
dermis between the twigs and the petioles of the 
leaves. ' If the tree succeeds completely ihfo]rming 
that, and the withered leaves fall off spontaneously, 
or can be removed by a touch, the tree may be con- 
sidered -{DS safe, though it may remain a^ong time 
before positive action again begiits; but if the with- 
ered leaves remain firmly on the twigs, it is' a sign 
that the tree i» aifocted in its general action, and 
that it win " die down" in* those parts to which the 
withered leaves adhere, if it does not perish alto^ 
gether. 

When the action of the leaves-ceases, that of the 
absorbing. rootlets ceases also, because the nratter 
which is taken in t^ thei^ is not convertible' into 
wood or bark without the ecH^peraUon c^ the kfar^; 
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mid if the leaves are stripped off, or eaten by cater- 
pillars, or destroyed by any other means, the on^ 
effort that caii be made by the food frOm the root, is 
the pushing out of'new leaves and buds ; and if these 
are picked off as soon as they make their appear- 
ance, no more wood is added to the tree. It is by 
availing themselves of this property of trees that 
the people of China contrive to get severe succes- 
sions of leaves from their tea-planis in the course 
of the season. Btit as the first crop comes after the 
wiiiter';9 repose of the tree, and when the roots are 
m the greatest activity, that crop is foe and more 
highly flavoured than those that are gathered later 
m the season. 

As in most trees the root« are put out before the 
stem at the commencenaent, in eash year^is action, 
the rootlets, or absorbent vessels of each year, are 
formed before the leaves of that year: For thait 
reason, the autumn or winter is a much better season 
for planting trees than the spring, provided those 
trees are inten^ded to show leaves m the ensuing 
summer^ Indeed, if the transplanting is delayed tiu 
the rootlets are fully formed, the tree is in as much 
Jeopardy as if it were completely in leaf, or even 
in more. The action of the rootlets ceasee sooner 
than that of the leavies, so that they pass into the 
state of Winter repose at an earlier period of the 
autumn. 

During the first winter after it issues from the 
acorn, the oak of the first year, with the loss only 
of its leaves which have been cast off, remains in- 
active till the return of the season. When that 
comes round, the. elaboration of the second oik is 
begun. . ' 

The growth of that oak, though still an interesting 
operation, is not quite so wonderful as the first, for 
there is a basis of both wood and bark for the second 
one; an^ the vegetable iaiction is' expanded over the 
whole surface where they come in contact ; wbereaei 

Co 



303 spiinfo ACTION. 

the first year, the wood and bark were not begjoi^ 
a^d the vegetable action is confined to a mere point. 
Still the exciting of the former oak, so that it shall 
produce the new one, is a very wonderful matter ; 
nor is it easy to imderstand how, or possible to tell 
why, it takes place. The cause is beyond human 
scrutinyi but the mode is well worthy of observation. 

When the return of the gemal season has brought 
the tree to a certain degree of heat, it ^begins to ac^; 
and the longer that the tree stands in the autumn 
before its Opening of wood is completed, and the 
leaves are shaken off, the longer must* the spring la 
general advance before the part of the tree above 
ground comes into action. There are exceptiona to 
that, but they are characters only of peculiar species. 

The underground action begins first, and rootleta^ 
which have the same period of action as the leaves, 
though it begins and ends sooner, are fprmed to ^ 
considerable extent before .the tree itself shows any 
signs of reviving. The rootlets of the former year 
are not cast off like the leaves, but are converted 
into "root wood," whifrh, from the ^circumstance 
of its being covered from the light, does not cqntaiii 
so much charcoal as the stem and branches. ' The 
sap ascendsuthrough the vessels of the wood, and in 
all probability dissolves the peculiar matter which is 
in the cells, and takes it into the current ; for that 
matter is soluble in water, and as there is less and 
less of it in the wood as that gets older, it is prob- 
able thai it is a. sort of store prepared towards the end 
of each season, to assist in th^ action at the begin* 
ning of the next. 

' As the spring action begitis in the lower part of the 
tree, if any part of the trunk offers more resistance 
than another, from the bark being tightened or what 
is called hide-bbund, pr any other cause, the. tree, 
if it be of a species which puts out lateral bods, is apt 
to throw put Slickers at the. roots, •or hew shoots on 
the stem and laige branches, and fliese very mucl^ 
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injure both the growth and appearance 6f the trees. 
These are very apt to appear on fruit trees, and in- 
deed on- all trees that are cultivated out of their 
natural habits. But when the tree is uninjured, as it 
has every chance of being in a seedling oak of the 
, first year, the whole Gree- soon comes into action ; 
the buds are expanded into leaves, and lengthened 
into twigs. After the tree has begun to act, and 
thence till the leaves have attained their full size, 
the juice or sap of the tree is in the wood, and the 
bark is comparatively dry. But after the leaves 
have attainea their full sizcj and are in complete* ac- 
tion, sap appears in the bark as well as the wood. 
The sap which then appears is hot however the 
8ame as that which was in the wood before the 
leaves came on. The air,^ heat, and light have all 
had an influence upon it in the leaves, and fitted it 
for the composition of the new substancei 

In the young shoots, those that have been pre- 
pared the same season, the process is the same as it 
was in the first oak ; b^t in the other parts, the pi^ 
pared juice spreads itself- between the wood and the 
bark. First in a state nearly fluid, but it gradually 
becomes a little granular, then fibrous, and it ulti- 
mately divides into wood and bark in thci same manner 
as that of the former year ; and when that has been 
completely performed, the leaves are ** healed off,*' 
and the tree passes into its repose as before. The 
result of the annual action has been to case the 
former tree, roots, and all, with a new layer of wood 
and bark, an4 to lengthen it by a twig at every bud. 
If we could by any means separate the two trees by 
pulling the fltst out of the second, as an instrument 
M pulled out of its. case, we should have a sight of 
two years' progress of the oak, and only, the leaves 
would be wanting to give us the whole of what had 
grown fi^om the acorn during those years. 

The third and every succeeding year is merely a 
repetition of whiit took place during the seeond, only 
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the action of each year i$ on a larger scale than that 
of the preceding year; and the additions beconpe 
gradually greater and greater till about the middle 
period of the tree's duration, and then they gradually 
oecome less -and less every year, till at last the ac- 
tion ceases, and the tree dies. After that the re- 
mains of the tree continue for a longer or shorter 
* time in the organic state, ^ut they at last yield alto- 
gether to the laws of inorganic. matter, and mingle 
with the general mass of materials for new produc- 
tions. 

But there still remains the most curious part of 
the whole matter, and that which forms the grand 
characteristic of organized beings, when viewed, not 
momentarily, but as existing in time. However sim- 
ple the organization may be, it is so constituted that 
it leaves a memorial behind it — a monument of its 
living action, as well as of its material substance ; 
and thus, though the individual yields to that disso- 
lution which is the law and the destiny of all 5^reated 
things, and yields the more readily the more nume- 
rous that its parts are, and the more delicate the 
operations which they have to perform y the life is 
continued. Not that it is absolutely secure— proof 
against every contingency; for nature can separate 
every thing that nature combines ; and as the sue- 
/needing race is intrusted to the world in the state of 
ah embryo, and depends upon the action of external 
causes for its development into the matured being ; 
a suspension pf these causes, or a change in the 
mode^of their operation, may cause the embryo to 
remain inactive ; and if that happens in every in- 
stance, the race may perish, either from any particu" 
lar country, or from the world altogether. 

Those causes of more than onhnary dissolution 
of organized being, whether vegetable or animal, 
are Very obscure portions Of natural history. We 
are unai>le to see them in operation, ^nd the dead 
remains have no ^tory to teH, eaccepting only that 
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^ey h&ve been living at some time or other. It 
sometimes happens that trees of a certain species 
will perish in a district ail in the same season, tnough 
no difference between that and other seasons can be 
observed. One year all the specimens of the dark- 
leaved American beech in the jdantations of a (Hs- 
trict in Scotland died simultaneously, while there 
was no apparent injury to trees of any other kind. 
Seals have also in some seasons been observed 
floating dead on the sea in incredible numbers ; and 
their dead bodies were so thickly strewed on some 
parts of the north coast of Scqtiand and the northern 
islands that they tainted the * air. Many analogous 
instances of mortality in particular tribes, for which 
BO cause could be, or at least has been, assigned, are 
recorded; and because nothing is known of the 
means by which they are produced, those mortali* 
ties are, in the case of animals, called epizooty, that 
is, "on the life ;" beeause they, as it were, fall on 
the life itself, without any apparent derangement of 
the organization, or other disease of which the 
symptoms can be observed. 

But there is also a gnldual wasting away of races, 
with just as little apparent cause ; though that must 
not be considered as extending to aU cases in- which 
tribes diminish in a country. The wolf is now ex- 
tinct in the British isles, and the eagle is rare, ex- 
cepting in the very wildest districts ; both 'of these 
have been hunted, and^ besides that, lonely places 
are their natural haunts. Heath, too, has dimin- 
ished upon the uplands, and rushes by the swamps ; 
but that has been before the plough. 

One of the most remarkable instances of gradual 
decay which has taken place in these islands is that 
of the forests, more especially the pine forests. It 
has been said that these have been cut down, or set 
on fire by invading armies, or mdnally consumed 
by the vi^rkman^s axe in times of pea6e. But though 
EBaMOSjnich as these satisfy those persons wno 
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wish for nothing further thai;! to hare sOmeitMnff to 
say upon a subject, they cannot satisfy the attentive 
observer of nature. Those decays .of the forests 
have taken place in situations where no invading 
army ever was or could come. Then as for the con* 
flagration — ^it would be a powerful flame that could 
reach from Caithness to Orkney, or.from Skye to 
the Long Island ; nor would it be an ordinary fire 
that woi3d buni-acr<>8s the summit of a lofty ridge, 
and down the other dide, ^specially when, as must 
have been the. case when the hill-sides of Scotland 
were close forests and the bottoms pools of water, 
the sumihit of that ridge was clad with perpetual 
snow. Besides, if the trees had been burnt, the 
charcoal Would have been found, for' charcoal ia one 
of the most indestructible of substances. The char* 
coal of the fires at the signal poMs already alluded 
to, remains in great quantity— indeed, it is that 
which most simply and effectually confounds those 
Who will have it that these trifling fusions of stone 
by common fires and wood-cashes at the surface are 
volcanic operations that have long ago taken place 
in the bowels of the earth ; and if the ashes of a few- 
billets fetched from its i^kirts have remained, it would 
be passing strahge that the cHarc6al of the whole 
Sylva CaiedtmuBy the conflagration of which, if it 
happened, must have been more recent, should be 
entirely- lost. . v 

But the fact is, ithat the pine forests both of Scot- 
land and the Scottish isles, and of Ireland, have been 
buried, and not burnt. The remainni of them are in 
the bogs of both countries, so abundant as to. serve 
in many cases both as fuei aii^ as a substitute for 
candles ; and so sound and fresh as, in not a few, to 
answer the purposes of domestic economy. 

In the natural history of vegetables, those facts 
are important in two respects > first, they show that 
there are certain periods at which forest^ fade off, 
both by the old trees dying aad the. seeds ceasing 
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io germinate ; and secondly, that death is not owinr 
to any gradual deterioration of the timber, in that of 
one successioii becoming weaker than another, tiU 
the last is so soft and spongy that the weather breaks 
it up ; for the remains of the trees in the peat bogs, 
and they are met with many feet below the surface, 
are hot inferior to the very best of those that still 
remain at a few poijfits on the surface^ and even 
provide a , succession, though with comparatively 
small and, as it Is.said^ gradually, diminishing addi- 
tions. No matter what the trees are, l^ey are per- 
fect in their interment, according to t)ie known 
durability of .their species, l^he sweet woods, as 
they may b^ called, from having little pungency, or 
4l8tringent matter, such as the birch, the aldej, and 
the hazel, have form down to the minutest twig, but 
they have no consistency, while, the oak and the 
pine^ although consumed m the alluvium, in propor- 
tion to the tinie they may be supposed to have fain, 
as well as to the peculiar nature of the accumulation 
over and sibootthem, are perfect in the hearty wood. 

That laXter fact is of some^ importance with regard 
to the rot in the planted timber ; for, if it eoitl4 not 
be shown that H the last race'* were as sound and 
good in their quality as any of the others, the nur- 
seryman might meet the strictures of the observer 
of nature, by charging the rot on the trees, and not 
on the mode of treatment,7-by saying that the 
weakening of the timber is one of the Symptoms 
of the fading of liative trees from the British soU. 
Biit the facts render such a plea nugatory. 

As little can it be said that the forests perished 
because the trees became barren — ceased to bear 
fruit after their kinds ; for the remains of fruit, in 
all cases in which they are of such an imperishaDle 
nature as that they can last in the cold and humid 
bog, are as well preserved as the trees. NntsheUs 
are in some bogs,- the only memorials of the hazel 
coppices ; and thiey are foimd in thousands ia places 
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where there is not now a native hazel bad for twenty 

miles in any direction, although there is abundance 
of room which has never been disturbed by cultiva- 
tion. At one [dace, ih the parish of Monikie; in 
Foifarshire, there stands a lonely fortilage, the 
Hynd Castle, upon a mound of its ruins, and sur- 
rounded, or nearly so, by a peat4)og, which, from 
the immense nuipnber of nutshells in it, must once 
have been a hazel copse,— ^r rather it has '.been a 
wood with hazel underwood— the demesne, or park 
of the fortilage, perhaps, for there are the remains 
of large forest trees in at; and from the remains of 
vegetation, the form of the surface, the keenness of 
the air, and the purit^r of Uie water, there is great 
reason to believe that it has once been a very beau- 
tiful place. Tradition carries the history no farther 
back than the reign of the last ghost, and it had ab- 
dicated before the beginning of the present century. 
The eyes of the most prying antiquaries c^ trace 
nothing but the marks of the chisel in the squared 
stones with which the fragments of the waUs are 
cased ; but that is something; inasmuch as there is 
not now in the neighbourhood, w even in the county, 
a freestone of the same colour (old ried sandstone) 
that will show the marks of the chisel so periect 
after one century. The> walls have been grouted in 
the central parts. But whethel* they are Roman or 
not canndt be determined. There are camps of 
many paces about, some square, with the usual 
traces of the ilomans, and others oval, or round ; 
and there, are (or used to be) abundance of flint 
arrow-heads, which the old women' sometimes de- 
scribed as flying about in the twilight and killing the 
cows, but they nave Iain still for some years.. 

The fields around are now mostly under tillage, and 
yield a scanty and precarious crop to a most labori- 
ous culture i but their natural productions were ort 
the humid places bent, and on the dry, brown heath 
fluod white moss, or white mosd sua brown heath. 
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according as the soil was less or more bad. These 
were symptoms miserable enough to have succeeded 
to forests and groves ; and if we could fill up the 
chasm in the succession, we should have at least 
one satisfactory portion of the history of vegetation ; 
but we want the facts, and so conjecture would be 
useless. . < 

The mixture of lime in»the fallen part of the castle 
had pursed the henbanes and hemlocks, and other 
lurid plants tvhich love sUch places, and the decay 
of these had brought on a coat of soil. About fifty 
years ago, the little mound was enclosed and planted, 
chiefly with Scotch firs, but with a border of decidu- 
ous trees, and a few interspersed among the Scotch 
iirs. For a time they all grew luxuriantly ; the firs 
made shoots of a foot to two feet every year ; the 
laburnums hung out their racemes of golden yellow, 
the m9untain-ash made the summer fragrant with 
its flowers,, and the autumn gay with its berries. 
The thrush and the blackbird came with their mel- 
low songs, the little birds with their more lively 
notes, and the wood-pigeon moaned from the deep 
covert of the pines. The magpie and the jay, .too, 
came to tsQ^e. account of the spare eggs ; and weasels, 
and even a polecat, made their appearance. Jn short, 
the place became a little oasis in the desert,-— a 
thriving miniature wprld, both vegetable and animal; 
and the promise that it , gave led to the planting of 
many square miles of the moors. Meantime, an 
impulse was given to agriculture, by the farmer be- 
ing pqlled on to activity by high prices, and spurred 
in tne same direction by high rents, so that the 
marshes were, drained, the wastes improved, and a 
more kindly appearance, and. certainly a more. mild 
and uniform climate, b|)tained. 

Now it was generally i^upposed) &nd anybody but 
a very attentive observer of nature would naturally 
have supposed, that matters were in the fairest train. 
for a well-wooded as well as agricuUorally improved 
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district ; and so it; seemed for some ten or fifteen 
years. But, alas! the epidendric miasma (as those 
who believe in aerial infections would probably call 
it) was in the air, and the epidendric poison was at 
the roots ; and never did diy rot consume a beam 
of bad oak more certainly, or even more rapidly, 
than all the fair promises of future forests were 
swept from those moors. ^ In a^hole mile a clown 
cannot now find a rude walkings-stick ; and even the 
little grove by the ruined fortilage has departed with- 
out axe or fire, and the ruins are as bare as ever. 

Innumerable instances of the same kind might be 
given, all tending to show that we have " much to 
learn," and therefore must observe much before we 
come to any cfsrtain general conclusion, about the 
germination and the growth of vegetables. But 
vegetables are, as it were, the foundations of our 
whole cultivated productions, as without them we 
could neither have aitimals nor implements. . Hence, 
if we are to have any claim tOvthe titler of useful 
observers, we must so observe, as to keep those 
general relations always In view.' It is not enough 
that we see a beautiful flower, or any other attract- 
ive appearance ; and that we give it a name, local or 
learned, and set down every particular in the form 
and arrangement of its ppts, the tints of its colour, 
its taste, its odour, the time of its appearance, the 
length of its continuance, and the period at which it 
is gone. A^l that' is but an amplification of the 
name-^a resolving of that into those parts of the 
sum of which in %eir union it is the sign; for, if 
we understand the namey it will brinjg all those par- 
ticulars to our recollection. TO take a simple in- 
stance^ the name " daisy^ will suggest to the mind 
all the observable properties of that flower, which 
are known to the person by whom that name is pro- 
nounced, whether it be Restricted, to the little diaiSy 
with the crimson tipped petals^ which has been called 
** daisy," or " day^ ^y^^^ from its closing at nighl 
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vnd opening in the moming, or to any of. the other 
composittB,. which are poputelrly called by the same 
name. 

We must bear in mind that, though the present 
momentary view is necessary to the obtaining of 
knowledge, it is not useful knowle<^e taken merely 
in itself. Observations bear nearly the same rela- 
tion to knowledge that acorns have to oaks, — they 
are the iseeds of knowledge,. and we can no more 
have the tree of knowledge without ^rst having the 
seed than we can any tree of the forest ; but in the 
one case, as well as the other» the seed must grow 
before we can have the tree. A man who continued 
merely gathering acorns aU his life would not be 
any more in possession of an oak than a man who 
never saw an acorn ; and just so a ipan who kept allVs 
life looking at mere appearances would have no more 
knowledge than a man destitute of all the organs, 
or all the means of observation. 

But if a man observed an acorn growing it would 
be quite a different matter. If he noticed the place 
and the circumstances under which it began to grow 
and continued its growth, he would have no more to 
do than to place another similar a(5om in circum- 
stances exactly similar, in order to make sure of 
obtainmg another tree. 

Even then, the perfection and certainty of the 
success would bear wholly on the similarity, both 
of the object and the circumstances ; and therefore 
it is in that that the value of observation consists. 
In all natural occurrences there is, to our perception, 
a little play — th&- circumstances may be a httjbe dif- 
ferent,, and yet we may ob^ervfi no diiference in the 
result, let us scrutinize it as we may. But that is 
owing to the limit of our>,observation being always 
within the limit of nature, so that when the differ- 
ence of the oircnmstances (all of them being known) 
eli»des our observation) so does the difference of the 
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Upon difficult subjects it is astonishing to yrhat an 
extent the multiplication of these little differences 
will in the end mislead us, if we do not keep the 
whole chain c^refuUy in view ; for in twenty suc- 
cessive occurrences we may attend carefully to each, 
and compare it with the one immediately before it, 
and find the very same apparent similarity in each 
of those copfiparisonss and yet the , differences, 
unseen in the individual casei3,,may so mount up in 
the aggregate as that th<^ last may be \unlike the 
first— or evjsn the vety reverse of iXi > With careless 
observers, ^ho are satisfied with a few of the ex- 
temal and more obvjknis circumstahces, that is i)nuch 
more frequently the case; and as they who publish 
their opinions or conclusions to the world' are not 
always the most <c)oee and accurate observers, thai 
is the reason why so many errors have crept into 
the science and the systems of natural history \ and 
as many of theise errors are fortified by high aa« 
thority, and all of them by some authority (for there 
always are people so forward in their beUef that the 
very fact of being in print is an anthority to them), 
they are very difficult to be reduced. 

The only means of doing that is 6y going back 
to the beginning of 'the series, that is, to nature 
itself; and hence the superiority of knowledge 
which we get fromVoiir own actual observation to 
knowledge of any other kind'. But it is only a little 
way that that will carry us without iissistance. We 
must see the whole succession^ smd^ the cases in 
which we have that opportunity are few, while those 
for which a whole lifetime fs too short are vpry 
m^y. It fs in thosO; cases of which we can per*- 
sonally observe only a part that the co-operatioR 
4)f society is of much value. We have the record 
of the past for that part of the suecession whicli 
happened before we werei bom, and we have thi^ 
intielligence of <the present time for that which takes 
place when we >re not present ; and thus, thou^^ 
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^ ve* cannot, in these cases, have so certain know- 
ledge as we have of that which falls under our owa 
immediate observation, we have it as well established 
as it can be by testimony. 

Cases such as that of the- entire destruction of a 
whole tribe, or species, of organic beings, do noi 
come even within the scope of testimony; for his- 
tory, being chiefly confined to the transactions of 
men, and, generally speaking, even to a very limited 
number of them, is silent with regard to the others, 
even in those instances which from the circumstan- 
tial evidence we would be led ta conclude had fallen 
within .the period over which it extends. In th« 
instance above quoted, there is every circumstantial 
proof that the castle was built whilp the neighbour*- 
ing ground was wood and copse, and not peat-bog : 
and the appearance of a castle with hewn revetments 
and grouted walls bespeaks a degree of civilization 
higher than that of any people altogether without a 
history. But still there is not a single trace remain- 
ing ; and that is. at once a proof that those people 
Neglected the observation of nature, and of the loss 
which we now sustain from its being so neglected 
—and that, not at one remote point merely, but at 
all points. We have,, for instance, the history of 
the inhabitants of London, the more remarkable 
buildings, and even the very streets, but where is 
the history of the Thames and its valley 1 ^md yet 
both may, indeed must, have undergone many 
changes since the Roman legions first appeared on 
the banks of the river. So also every river and 
river's valley must have changed ; anil those changes 
must have had an influence on the 'weather, the cli- 
mate, the seasons, the plants, the animals, and the 
whole natural history of the country, in so far as 
that can be affected t)y the changes of time, or those 
of any thing that time changes. But for the want 
of observation and record, the whole of that is lost. 
We are consequently ignorant of the ueat n^tunii 
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monuments which are in progress in our own conn- 
try ; and as these must have an effect upon every 
operation of art which is in anyway connected with 
plants or animals, or to which the state of the at* 
mosphere has any relation, we must be, in so far, 
at the merdy of guesses in the conducting of these. 
That has passed, and we cannot help it ; but it ought 
to be a warning to us, and induce us to examine the 
connexion and^watch the succession of every thing 
we see. 

The. vegetable .tribes are perhaps the best subjects 
of observation for those who make an amusement 
rather than a business of observing. The weather 
is a wayward thing, and we want many of the ele- 
ments which would be necessary to form the little 
that we do know about it into a science. Animals, 
too, in their wild or natural state, the only state in 
which they- are of much value to a genuine observer 
of nature, are, except in very few species, seen only 
by snatches ; and very much of what is said and 
written about them is inference, and not fact. . In 
many cases, too, it is venr imperfect inference, for 
it is contradicted by the fact, whenever that is ob- 
served. The error consists in attempting to found 
a fact upon an uiference, instead of drawing an 
inference from a fact, which is about as absurd as 
if we were to attempt to melt show by cold) or freeze 
water by heat. 

Bat in the case of vegetables, "we can, in the ma- 
jority pf instances, observe the entire succession 
from embryo to embryo, not only in the course of 
a lifetime, but in the course of one year ; and where 
we cannot do that with the individual, we can do 
what conduces evenmore to our information. In most 
species of plants the successions foMow each other 
80 closely that, unless in some of the aniipals which 
appear only for very short periods of the season, 
we can have all the stages of growth before us at 
onc^vfrclm the first germinations of the seed to the 
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final decay of the old plant. In a thousand plants 
of the same species we can thus observe a thousand 
points in the history of the same plant; and thus 
we have, before our eyes, as clear and satisfactory 
information as if we could work the seed up to the 
plant, or change the plant back to the seed by direct 
experiment, in the same way that we can dissolve 
or form a chymical cc^pound. It is true that we 
cannot, in the case of the vegetable, keep the sub- 
stances out of which it is immediately compounded 
in boxes and bottles, or pour the water directly out 
of a pitcher, or apply the fire directly by a furnace, 
in the same manner as we can do in the chymical 
experiment ;"but still we can " watch the progress** 
as closely in the one case as in the other ; and we 
have no more knowledge of the ultimate principles 
of chymical union than we have of vegetable as- 
similation. 

From what we do observe, however, we can 
accelerate, retard, and otherwise modify the action 
of vegetables over a very considerable range. It is 
upoii our power of doing this that all cultivation, 
whether of the fields, the garden, or the forest, is 
founded ; and that cultivation may be said to be the 
groundwork of all that we do and all that we can 
possess. Our food is either directly vegetable or 
obtained by means of vegetables. The com, the 
pulse, the roots, the buds, the leaves, and the fruits, 
which, in th^eir immediate substance, prepared or 
unprepared by art, hunfan beings use for food, are 
very numerous ; so much so that the list of those 
which are familiarly known ii^ the British markets 
would fill a' considerable. volume; and whbn those 
that are used in other countries are added, the num- 
ber is almost incredible. , « 

When a number of species^ having those appear- 
ances, which lead botanists.ta consider them as 
'^ allied," and form them into what they call a <* natu- 
ral 0Tder*'«<*-(there are no orders or chuses in nature^ 
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for tSl the production^ of nature are indnHduais ; tod, 
though the^e be varieties in the successions of indi- 
viduals, sometimes produced by circumstances which 
we can imitate and sometimes not, the succession js in 
the species-^tl[i9.t i^, the plant bears more resemblance 
to the immediate parent plant than to a plant of any- 
other kind)— there are often very contradictory or 
opposite properties in th^m. Thus, the Jatropha 
manihot, which has been mentioned as forming the 
bread of the natives of Central America, not only 
belongs to an exceedingly poisonous family {Euphor^ 
Wace<E), but is, when raw, a deadly poison. The 
Various spurges, and other members of the family 
Which are foUhd in England, are all acrid ; and their 
milky juice, which blisters very delicate skin, is used 
to remove wart& and other caUosities. Some plants 
of that family yield valuable,, or at all events pow- 
erful medicines, such as castor and croton oils ; but 
come of them act too powerfully for being used even 
in the smallest quantity. The perennial mercury, 
or " dog's cabbage," said to be so called from dogs 
preferring it to any other plant,iWhen they physic 
themselves with green vegetables, and which growe 
in the woods of some parts of Britain, the male 
plants Usually in one pat 6h and the females in an- 
other, is eatable, though still aperient when well- 
boiled, but poisonous raw, or even roasted or fried. 
That property is so general, that when experiments 
«re made as to whether new'^vegetablea mayor may 
not be used as food, the ^afes^ plan is to boil them, 
and throw away the water in wnich they are boiled. 
One of the most curious orders of plants in that 
respect is the Jig tribe, or, as they are sometimes 
called, from comprehending the different species of 
bread-fruit, the bread-fruit tribe. Of fruits well known 
in England, thefig attd the mulberry belong to that 
family ; and though the fruit of these b^ eatable, the 
juice of both, that of the fig especially, is a poison. 
Th» family arjd very nuijierousin the warm countriei^ 
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and some of them arc highly interesting. The 
bread-fruit of the South Sea islands (Artocarpus 
inctM) is well known from the descriptions of the 
voyagers ; and though its qualities have been extolled 
far l^yond what they really deserve, it is a very 
interesting and, in those countries, a very useful 
Uee, But as that tree furnishes bread in one part 
of the world, tre^s of the same family yield milk 
in others. There is a sort of animal principle, not 
a principle of animal life, but an affinity to animal 
matter, in most of the family. That is contained in 
the substance called caoutchouc; familiar to most 
people as '' Indian ^rubber," remarkable alike for its 
elasticity, its insolubility in water, and the difficulty 
with which it can be cut. On these accounts it is 
now extensively used in the arts, not only for its 
original purpose of ef&cing black lead from paper, 
but as an ingredient in varnishing, in making water- 
proof cloth, shoes, and numerous other articles. 
Though the whole family contain more or less of 
that substance, there are many of them, such as the 
mulberry and the common iig, in which the quantity 
is so small that it is not worth extracting. But 
jdthough the substance is procured in great quanti- 
ties, the plants which yield the greatest abundance 
are not very clearly determined. Indeed, it should 
«^em that ttie plants which produce the greater part 
of the caoutchouc of commerce belong to other 
families.' That of Sumatra, and the. other islands 
on the south-east of Asia, is obtained from some 
species of Urceola. One of them, the elastic, is very 
plentiftil in Palo Penang, or Prince of Wales* Island. 
It growls to about the thickness of a man's arm, and 
is cylindrical, with pale bark, very much cracked. 
It runs aiOng the ground, striking roots, but very 
seldom putting out branches ; and it will run in that 
way to the distance of five hundred feet ; but when 
i\ encounters trees, it climbs up the stems and 
oareads among the branches. The Quantity of juice 
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in an old plant amounts to nearly two-thitds of the 
entire weight; of the plant.' When recent, it very 
much reseitihles milk, and when consolidated it is 
Indian rubber. ' 

It is iiot very clearly ascertained to which of the 
two families the Pcdo de vacca, or, cow-tree of South 
America, belongs ; but the people resort to that tree, 
fetch the juice in pitchers, and use it for the same 
purposes as animal milk. Nor is it a little curious 
that, in those parts of the world, where v on account 
t)f the parqhing up of the grass, the milk of domestic 
animals is not so easily procured as in more tem- 
perate climates,' there should be an abundant, and by 
BO means a bad, substitute in the juices of tre^s. 

But besides their eatable juices, these plants have 
a very deleterious principle, which in somjB of the 
species is a very virulent poison. That principle is 
Strychfaay so called from being- first found in'thfe 
kernels of the Strychnos nuof vomica 2iid Sirychnas 
ignatidna; but it is also found i)(! the Ujpks, and in 
other species : and it is not a little remarkable, that 
while some of the species of Strychnos are s0 
deadly, others are valuable medicines. These co- 
incidences in some respects, and differences in othei^, 
should teach us to be cautious in hot generalizing to 
any of those artificial tribes of organized being any 
property which we have discovered only in some 
members of that tribe. The products of organi- 
zation are quite different from both mechanical and 
chymical results. We cannot repeat one of them, 
and therefore we can never safely say that any one 
of them has a property, unless that property has ac- 
tually been discovered in it. 

Still the poison, or the other active matter that 
may be in the plant, is well worthy of our study ; 
because, generally speaking, it is in the plant itself, 
and not in the food of the <plant. In whatever part 
of the plant it may ultimately be found, whether in 
the root, as ia-thd jatropha ; iii the juice, as in tbe 
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sfni^^eB; in folMcles, with prickjes on the balk, as 
in the nettle tribe ; in the oil of the seeds, as in the 
violen ; or in their substances, as in nux vomica — ix 
is always found in one part of the plant when in the 
embryo state. That pazt is the embryo itsdf, when 
the habit of the plant is such that that is considerably 
developed in the seed. When that is^not the case, 
the most virulent property is in the tunics or coats ; 
and that is the case -also with roots; and it is the 
same whatever may be the nature of the poison. In 
the pulp of the peach 'there is not a trace of that 
pmssic acid which scents the flower and flavours 
the kernel ; the pulp of the yew-berry is harmless, 
and probably so are the cotyledons, if the embryo 
were removed, 2s that is the case with many of the 
seeds of the Euphorbiac&B, and othes tribes.^ In itte 
j^tato, the pMiiiJlonous quality, which, though Hot 
very strong, is still a pOison, is chiefly in ihe tunic 
or skin, or immediately under it ; and the same is, 
in all prtibability, the case in jatropha. Even the^ 
common turnip, which belongs to an order of 
which' probably none are poisonous, though some 
are very acrid, has the. rind of the bulb & more 
pungent tl^an the bulb itself: 

The uses of the plants classed under tb0 fig tribe, 
and those reseiiibling it, are exceedingly varied. 
Many of them, as has been stated, furnish food, and 
many moi^, from thieir active nature, are medicinal, 
and others form, articles of clothing, either through 
the medium of something else, or directly. T^ 
White mulberry is the principal food of those silk* 
worms wlMch every year spm so great a quantltytof 
the most delicate' and also the most beautiful sub- 
stance which is employed in the loom. The paper 
Hiulbelry, which, if it does not agree vfith the qrder 
in sdl particulars (and the agreement or disagree- 
ment of plants with, an order or a genus in any 
(lystem dependis in a "great kneasure upon that sys- 
tem), agrees with it in many, is used, as the Aame 
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impohs, in the manufaoture of paper, and also of a 
species of paper cloth. The bamian-tree, or Indian 
^9) gives habitation to numbers of the lac insect 
{cocctbs lacca), which furnishes the gum lac of com- 
merce, and no doubt elaborates it out of the sub- 
stance of the tree, in the same way that bees elabo- 
rate wax out of the juices of many plants. The wood 
of the yellow mulberry (moms tinctoria), Which is a 
native of the West India islands and of Brazil, fur- 
nishes fustic^ which is so well known as a yellow 
die : and thpre is little doubt that many others of the 
family, especially 'the cratpns, the juice of some of^ 
which is of the colour, and nearfy the consistency 
of blood, would form both die-stuffs and" pigments. 
These particulars have been mentioned ^vith a 
view to show h«w much inforrpatioh, and how many 
useful substances may be^ obtained from a single 
family (and that one of which the properties are but 
slightly and imperfectly known), out of the many 
thousands of veget3,ble productions. But, apart 
from the applications to the purposes of art, there 
is a great deal of instruction and pleasure in the 
mere watching of the progress of the vegetable ; and 
they who cultivate vegetables, and feel interested 
in so doing, have reall)^ more pleasure 4n the growth 
of the crop, whatever it may be, than in the profit 
which it brings when they carry it to the market. It 
is impbssible tQ see a farmer surveying his fields, or 9 
gardener his fruits, fIowe)r8, and vegetables^ without 
being convinoed of that; and it is not very easy io 
view such a character so occupied, without ^envying 
him his occupation. Yet why should we do the 
latter f In as far as knowing it i^ concerned, any 
one of the kingdoms of nature is every man's king<p 
dom, and may be a^y man's kingdom if be will but 
come and conguer it. The conquest is a conquest 
without labour, too, for we have only to wait with 
patience, and notibe with attention, lo&d nature do^9 
;m the rest 
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Tfe, have no need for pausing times either— of 
inraiting till nature is worthy of* our notice in her 
vegetable productions. The winter is a time of re- 
pose to many of the plants ; but it is the time during 
which others are in the greatest activity. The for- 
ests are leafless^ and the fields are bare ; most of the 
plants that people the waters in the warm season 
are down in the mud at the bottom, and altogether 
lost to the eye, and the few vegetables which remain 
are faint in their colours and feeble in their odours. 
But stiU, the winter mosses, and many of the lichens, 
to which cold is more congenial than heat, an4 
which are brittle and crumbling during the hot season, 
are in the prime of their vigour in winter ; and, per- 
haps, by tfceir agency the very first steps in the pro- 
gress of fertility are action plished. if there is but a 
rock, or any thing except loose and dry sand, and moist- 
ure^ and a temperature the least shade above freez- 
ing, there is certain to be a moss or a lichen of 
some description or other ; and however untoward 
the circumstances are, that lichen or moss will keep 
i^owin^ until it forms something like a vegetable 
iQould. in w;hich other plants will in time take root. 

Those mossy coverings which spread and thicken 
upon the surface in cold places and cold weather 
protect the naked parts of the earth from the severe 
action of the cold ; and answer, in places where the 
snow does not lie, nearly the same purpose that the 
snow answers where it does. In some respects, 
indeed, they answer more important purposes. 
They are most abundant m humid places where the 
snow does not continue, though it occasionally falls ; 
and there they protect the earth against the alternate 
action of the rains and the frosts. If the earth were 
bare, the frost which is of much service to the vege- 
tation of the coming season, by breaking down the 
clods that have been indurated by the drought of 
summer, would, in the course of one variable winter, 
render the whole do soft- that the rains would wash 
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til tke mould of the heights into the yalleys, and the 

portion of land fit for bearing vegetables of any kind 
would decrease every year. Nor would there be 
merely a decrease of the productive surface, there 
would be a deterioration of the portion left. The 
soil which immediately produces the mosses, and 
lichens, and other plants of, the high and cold 
grounds, is hot adapted for the production of the soft 
grasses and flowers of the valle3rs : and these val- 
leys are not suited in climate for the upland plants, 
though those plants and the soil in Which they grow 
both tend to cool the' climate and bring it nearer to 
their native one. Thus, if these plants were to 
"give way" in the autumn, as is the case with 
many of the plants lower down, the meadows would 
annually be strewed with unwholesome earth, which 
would in time destroy their fertility, and they would 
become bogs and quagmires. But the matting of 
mosses and lichens keeps the soil together, and 
equally prevents it from being washed away by the 
rains, and blown away by the winds ; so that when 
the cold weather comes the soil is not much lessened 
in its quantity, while it is softened and divided by 
the frost, and thereby fitted for the action of the 
roots of those plants, the stems of which die down 
annually. In plants of that kind, more especially in 
those that have fleshy or bulbous roots, which most 
of the plants that die down in the winter in cold 
places have, the crown of. the root is usually the 
vital part, so that if that sustains much injury the 
plant IS lulled. Now the winter crop of mosses is 
of great service to plants of that kind. It is not the 
absolute temperature that kills plants, it is t)ie great- 
ness and especially the rapidity of the changes ; and 
if the opei'ation could be performed gradually enough, 
it is possible that any plant (even those which are kept 
in the artificial heat of stoves in this country) could 
not only bear the frost, but actually to be frozen 
without muoh ii^urv. '■ The progress of ordinaiy 
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freezings and thawings is, however, rather rapid for 
the safety even of native plants, unless the roots are 
deep in the soil— ^deeper than soil; isusually found to 
be in cold upland places. Gardeners find great pro- 
tection to fleshy roots in the ground,* from covering 
them over with straw and litter before the frost; 
and the ihoss aiid lichen act, in those places where 
they come, as if they were a coat of natural litter. 

Owing to those protections, the spring flowers, 
though not very abundant, come pfiuch sooner in 
those mossy places than one Would expect, though 
they neither come so soon nor are so fine in their 
• qualities as those in places which are covered with 
snow early in the winter, and iremain in that state 
till the spring. If the snow lies long on a spot 
where the roots are, the snow-drops will absolutely 
push their little starry cups through it. 

But these humble crops are as serviceable in the 
warm season as they are in the cold. Many of theih 
absorb moisture at their whole surface, and all of 
them retain it in their thickly matted forms, so that 
they keep places in a moist and fertile state which, 
but for them, would be entirely parched. When the 
heath has been burnt on a mountain surface, or that 
surface in any other way laid bare, it is truly aston- 
ishing how speedily it becomes cl#thed with green 
mosses. These keep the surface cool, whereas the 
rays of the sun, beating upon it, would heat it like an 
oven, and it would be converted into blowing dust ; 
and when summer rain^ did fall, they would be 
instantly removed by flowing off and being evapo- 
rated; and although the moss presents much more 
surfacato the air than that of the soil on which it 
grows, it is so much cooler that the evaporation from 
it is considerably less. The absence of mosses in 
among the reasons why «andy and chalky places are 
BO soon parched up. 

But sdthough, within certain limits, the growth of 
those plants is good, yet, when those limits are ex- 
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needed, it becomes an evil. Fot, though their tend- 
ency be to mitigate the severity of both heat and 
cold, they do in all cases {Hroduce cold by makings 
the total evaporation greater than it otherwise.would 
be. They take off the extremes of evaporation duiv 
ing the great heats, but they also occasion evapora- 
tioQ at times when otherwise there would be Uttle 
or none, and thus they keep a moist atmosphere all 
the year round, and so where t^ey abound the cli- 
mate is less healthy. It ,also rains muda rapre fre- 
quently, because that air, being always nearly satu- 
rated with moisture, is of course disposed to p^ with 
that moisture in the state of rain, much more readily, 
that is, with much less atmospheric action, than 
when the degree of saturation is less. Consequently 
they are injurious to cultivated grounds. . To the 
annual crops they, indeed, do small harm» as they 
attain but little size, and ar6 under the shade oi 
Ihese. But on grass lands they are nxuch more de- 
structive ; and would in time change a good soil 
and climate into the opposite. The finest gr asses, 
though they thrive well with occasional irrigations, 
decay when they are too moist, as they always are 
in old pastures that have got mossed ; and if the sur- 
face bad little drainage, the mosses would, in time, 
dislodge all the grasses, and produce a surface liQt 
well adapted for any. kind of culture. When land 
has once come to that state, the Only, or at least the 
effectual, means of arresting the ^schief, are the 
spreading of alkalipe substances; trenching, or paring 
off and burning the sod. ^ 

But it would be endless to enumerate even th^ 
trainsLof speculation and inquiry that present^heiQ- 
selves to any one who studies vegetables, in their 
connexion and succession, however narrow the field 
of observation may be. .4 step taken anyv^here that 
there are plants furnishes a study ; and that waU^ 
iwhicj^ does jiot a€iprd reflection for $1 week must 
be.vei^r short, as well as. over % place com|>i^tml|r 
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tnuTCin. Even a public road may answer the puN 
pose, for there are the hedges with their wild plants, 
creeping below or entwined among the bushes ; and 
as the hedge is a sort of hill, and the ditch a sort of 
valley, the two together form a sort of epkome of a 
considerable tract of country. The changes that 
take place in the wild plants, from changes of soil 
and elevation, present a constant succession of new 
objects, so that, upon the most beaten path in the 
country, the man who uses his eyes need never 
weary, or feel tedious, even when alone. And if 
one be confined to the same spot, the changes in 
time have just as much variety and continued nov^ 
elty in them, as the changes with the change of 
place. The spot must be a little one, in which 
something new shaU not be met with every day; 
and whatever is found, if it be examined in its rela- 
tions to other things, and to its own state previously, 
there will be knowledge obtained. 

The great difficulty lies in beginning. Few peo- 
ple have their attention caUed to natural appear- 
ances and productions, in that early period of life, 
when the only object is the acquiring of knowledge 
purely for its own sake. The natural desire which 
parents and others, who have the care of young 
people, have that the preliminary instruction which 
IS to prepare them for business should be uninter- 
rupted and occupy their whole attention, naturally 
renders those parties rather averse to the observa*^ 
tion of nature, as falling more within th^e category 
of play than of that of Business. Also, when the 
young do take a turn for that species of occupation, 
they are apt to become inquisitive, and to put ques- 
tions which are not very easily answered, even by 
those who know a little of the quality of natural his- 
tory which is current m the printed books. Indeed, 
as the science of plants consists very much in the 
technicalities of a system, of which be^nners can* 
not easily see the use, either in acquiring m know- 
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ledge of nature, or in applying that knowled^, the 
assistance which is given, although given with the 
very best intentions, is often as much a hinderance 
as a help. The greatest hinderance of all is the 
want of a popular language. The species of plants 
that have been discovered as native in Britain, and 
on the 'shores of the British seas, amount to nearly 
four thousand. The half of these have not English 
names ; and of those that have, the names are mostly 
local, and do not find a place in the mother language 
of the country. The vast number of foreign plants 
which have been introduced have of course no Eng- 
lish names, as it has not been the fashion with our 
botanists to Anglicise the learned names, in the way 
that they have been Gallicised by the French. Thus 
the people of different countries, and often of dif- 
ferent parts of the same country, are unable to con- 
verse about the greater number of the plants, unless 
they shall first make themselves masters of the 
technical language of botany, and that can only be 
done by a very limited number. Even in that there 
is more difficulty than there should be; for the 
plants have so many names and synonymes, that if 
the whole were written in alphabetical order, the 
number of species would appear to be almost forty 
thousand ; yet all these names occur in the books, 
so that they who read for a knowledge of plants 
must know what they all stand for ; and thus the 
nomenclature of botany is nearly ten languages. 
The names, too, are such that a common English 
reader caimot attach a |9articular meaning to any 
one of them, and there are many to which no reader 
can attach any meaning, although he were master 
of all the languages that are spoken, or ever were 
spoken under the canopy of heaven, because they 
are *' made-up names," and have no reference to 
any thing discoverable about the plant. As a spe- 
cimen, we may me&tion a few of tne names of the 
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lichen wMch was mentioned before, as furnishing 
the bloom-die called cudbear. They are, 

7««>^oM/«» Xv. > DiUemus, m Ran. 

Lichen tariareus } -r • 

lAcken soxorum J.LinntBUS. 

Verrucaria tartar ea ..."!' 

Parmelia tartarea .... l * «!,««; 

tartarea >Achanu8. 

Rhinodina tartarea .... J 

There are seven names, two of them given by the 
one author, and four by another, and these too not 
the specific but the generic part of the names ; and 
if the first one were not, if quoted, a description and 
not a name, it is the most expressive of the whole. 
Perhaps that abundance of nomenclature may have 
facilitated the progress of the knowledge of plants 
among professional botanists ; but in a popular point 
of view it has been the reverse ; because nobody 
who has not leisure to learn all those names, or 
who is not daily occupied on the subject, so as not 
to forget them, can possibly obtain a knowledge of 
the plants themselves— to say nothing of their hab- 
its ; and though on^ had ever so much capacity, it 
is not possible, without contriving a set of new 
names, and making them English, and generally 
known and used (which is also an impossibility), to 
write any thing popular upon the subject to help be- 
ginners. 

The case of animals is not quite so bad, because, 
to most people, there is more excitement about ani- 
mals than about plants. There are many people in 
towns who do not know the name of a single vege- 
table—or, which comes to the same thing, cannot 
name the vegetable if they were to see it, or find it 
out among others by its name, — unless they are 
ireget^ies which they have seen in the markets; 
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ttdd of many of these they have no notioa, eacceiit 

in the state in which they appear at market or aftev* 
ward. There are, in London, for instance, many 
intelligent, and by no means illiterate persona, well 
versed enough in all the science necessary for the 
conducting of business, and in the common litera- 
ture and occurrences of the day ; but who, if you 
were to walk through Covent Garden with them, 
and request them to make so simple a distinction as to 
point out all the vegetables there that were produced 
in the air, and all that were produced in the earth, 
would find themselves sadly puzzled. So also, if 
^oii asked them to point out which are the produc* 
tions of annual plants, and which of larger kind ; or 
which were natives of Britain and which not, they 
would be at a loss. In like manner, if the production 
were a seed, a fruit, or a root, they would not be able 
to tell you any thing about the leaf or the flower ; 
and if you questioned them as to the mode of cul* 
ture, you would find them still sooner at a loss. If 
they happened to have flower-pots or gardens, and 
were fond of these, they would, no doubt, be able to 
say something about what were grown in them, and 
mention the names and describe the appearances of 
t^ favourite and fashionable sorts. But take them 
to a common, or a natural copse, or a tangled hedge, 
or the sedgy bank of a river, and question them of 
the productions there, and the probability is that, in 
nine cases out of every ten, you would either get no 
answer at all or a wrong one. 

If the question were respecting animals, the an<r 
swers would, in the more familiar speci^esj be more 
ready and more accurate. The motions of those 
animals that do possess the power of moving from 
place to place render the observation of them a 
much more palpable matter than the oteervation of 
plants ; and as they move entire, and carry all their 
tunctions with them, while plants do not of them- 
ftelves phange their places, and, unless in any pacn* 
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liar species, and those not of every-day observation 
by the public, their functions are suspended when 
they are taken out of the earth or the water, they 
are much less frequently seen in their active states. 
Even in these states, the progress of vegetable ac- 
tion is so slow that we must have an interval of 
time before we can notice it. Some of the gourds 
and turnips produce a great quantity of vegetable 
matter iri little time; the growth of many of the 
fimgi is still more rapid ; and in the course of a day 
or two, the buds of a large mulberry-tree will expand 
into millions of leaves ; but still we do not actually 
see the motion, even in the most rapid of them ; and 
though we watched the mulberry-tree from the very 
first action of the buds to the full expansion of the 
leaves, we should not be able to find out that it had 
altered at all, if we did not remember a former state, 
and compare that with the present. That the plant 
acts at adl is, therefore, a matter of inference, and 
not one of immediate sensation. 

But the action of the animal is at once palpable 
to sense, and forms so immediate a part of our 
whole perception of it, that it is by inference we 
conclude that it has been or can be in a state differ^ 
ent from that in which we see it. It is chiefly, if 
not entirely, from matter in motion that we get our 
notion of what we call power ; and when we can 
trace that motion up to any substance, but not far- 
ther, we ascribe the power to that substance. Thus, 
when we see a horse start off upon the ground, a 
bird in the air, or a fish in the water, it having been 
previously in a state of rest, we say there is a^power 
of running in the horse, of flying in the bird, and 
of swimming in the fish ; and though the original 
word {mimal probably expresses "to breathe," or 
*^ that which breathes,*' our common understanding 
of it is so much associated with the fact of moving 
without being forced on by any other piece of mat- 
ter previously in motion, that we considerlife itself 

£e9 
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ma hmrng some relation to motion ; for we eidl tiial 
which is ^nick " animated or lively." 

And this liveliness of most of the animals, with 
which we are familiar (though there are soote that 
hav6 very little of it) gives a charm to the obset vai- 
tion of animals far greater than we feel in that of 
any other of the productions of nature. . T^e moat 
magRiiicent tree^ or the most beautiful fk)wer, is but 
a denizen of one little spot of earth ; but a quadruped 
can range the whole country, a bird cross the seas, 
and a. fish circumnavigate the globe. There is a 
notion of freedom about them, and that is always an 
inviting notion. 

Besides, there is an apparent comnKinicativeBest 
in animals which we cannot trace in any thing else. 
Every thing that we can know about the c^her pro^ 
ductions of nature ^e must find out by labour, or 
wait for with patience, till the '' creeping pace oi 
Time" (which always appears slow when our wish 
is fast) brings it about. But the animal comes for- 
ward and tells its own story, thereby placing us in 
the easy situation of spectators at a dramatic repre- 
sentation ; and then, the acting of difierent animals, 
or of the same animal under difierent circumstance^ 
is so varied that we never tire of them. v. 

PhUosophically, we have no more reason to coQr 
elude that the action of any animal, however instant 
temeous and rapid it may be, is an original action, 
than we have to conclude that the germination of a 
seed, the growth of a plant, or the falling of a stone is 
an original action ; because that which can begin it$ 
action, or in any way change its state without ca»a», 
must also have begun its existence without eauaew 
But still, as the action of the animal is so much more 
rapid and varied than that of most other productions 
of nature, and as it is produced in the animal without 
any antecedent that we can see, it has so far the 9^ 
pearance of original action. When an animal raiis, 
there is a natural cauae for iJ^ as certaialjr «s ths«f 



CBARACTEB. OW ANIMAL LIFE. StI 

is when a rirer runs; when a bird flies, there is a 
naturai caase for it, as well as there is when the 
wind flies ; and when an animal swims, there is a 
natural cause for it as certainly as there is when a 
bubble swims on the current of a river ; but as we 
cannot g^et at the knowledge of that cause, or at 
least of part of it, there is a mysterious sort of ori* 
i;inality about the action itself, which engages our 
attention much more than if we could resolve the 
whole into material elements. 

This more complicated nature of the animal than 
even the vegetaUe removes it at least one degree 
further from mere inorganic matter, and makes it 
more completely dependent upon organization. 
Consequently, we cannot so vary animals by culture 
as we can vary plants, although we can educate 
them for more active purposes &an any that can be 
answered by plants. 

As those who have paid even moderate attention 
to the subject can alwajrs distinguish the remains 
of plants, when dissolved but not chymically de* 
composed, from dissolved inorganic matter, sO it is 
just as easy to distinguish animal matter when dis- 
eolved, but not decomposed, from vegetable Matter 
m the same state. The plant, if we except ^he parts 
which are soon evaporated by the atmosphere or 
washed away by the waters, is found to consist of 
carbon, oxygen, and hydrogen, that is, of charcoal 
and the elements of water. That matter may be 
reduced to powder or to paste, but stiU we can easily 
distinguish, not merely by chymicai examinatioDr 
but by the touch and the smell ; the last of these, 
though not very strong, is peculiarly refreshing, so 
that it is very healthfd to walk over a field of good 
land after it has been turned up by ploughing. 

Chytnical decomposition, at least in the softer 
parts, very speedily follows animal dissolution ; se 
that, when an animal substance has been long in the 
earth, it is not easily detectsd, excepl in the bODfli 
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or shells, and both of these are found to contain 
lime, a substance of which most plants contain none, 
and some only a very little. But this lime, which, 
in itself, is not, strictly speaking, animal matter, is 
always in the living, or the recent state, cemented 
together by more or less of animal matter ; and all 
animsd matter contains nitrogen, which is usually 
regarded as the inactive ingredient of atmospheric 
air. When the animal substance is burnt, a portion 
of the nitrogen combines with the hydrogen of water, 
and forms ammonia ; the peculiar pungent smell of 
which is well known in the solution usually csdled 
hartshorn, and which is always more or less per- 
ceptible when any animal matter is burnt. That 
smell is indeed the best test of the presence of ani- 
mal matter in a state of. decomposition. No inor- 
ganic substance is composed of the same ingredients 
as animal matter ; and though some few vegetable 
products, such as Indian rubber, and the other juices 
alluded to, resemble animal matter, they are always 
accompanied in the same organization with other 
parts which are wholly and obviously vegetable. 

Thus, the " living principle," which is the name 
usually given to the fact of organization in a state of 
action, not only suspends those laws of mechanics 
and chymistry which inorganic matter always 
obeys, but has a chymistry and mechanics of its 
own, by means of yrhich it can dissolve those sub^ 
stances which contain the materials necessary for 
the growth or the repair of its own structure, works 
these into the necessary new compounds, and gives 
them the proper forms and consistencies. 

In any one instance, that, when we think of it, 
is truly wonderful, and «hould, one would suppose, 
make everybody take an interest in the thousands 
of living creatures with which all around us is peo- 
pled. Take, for example the egg of a bird. That 
may be found when not bigger than a grain of mus- 
tard-seed; when the whole 8id>8tance of it is yelk,' 
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tod the white which contains the embryo, or at least 
some portion of the embryo of the future bird, is a 
pellicle of so very pure a texture that it is hardly 
discoverable. Well, it is brought to a certain stage 
of maturity by the action of the parent bird, just as a 
seed is ripened by the action of the parent plant. In 
that state it is an independent being, and is separated 
from its connexion with the parent. 

External causes to stimulate it into action are 
all that are now required for bringing it to the same 
state as the parent, but it must have the stimulus of 
these, otherwise it not only remains inactive, but 
becomes putrid — ^yields to the laws of matter, ^nd 
passes into the mass of materials. It may be kept 
perfect ^for a considerable time„ if the air is com* 
pletely excluded, but there is reason to suppose that 
it would in time undergo internal decomposition 
even then, in much less time than the seed of a plant, 
if so protected, would take before it lost the power 
of germination. 

But still the egg is a very wonderful thing ; and 
were it not that we are so familiar with it, we would 
go farther to see it than to see most of the subjects 
which engage our attention. It is handsome in its 
form, and every way beautiful to look at ; so that a 
collection of eggs forms by no means an uninterest- 
ing cabinet — ^if the possessor can tell the tales of 
the birds. But the wonderful part of the matter is, 
that a body of the form of a pebble, and consisting 
of a thin shell of lime, lined with a soft membrane, 
and having within it first a transparent and then a 
yellow jelly, should have the power, by the actioa 
of heat and air alone, of evolving a vast number 
of animal organs and substances, all differing from 
each other in different kinds of eggs; but never 
deviating so far from the characters of the parent 
birds as that they cannot be instantly discerned to 
belong to the same species, and display to a very 
gieat ejtfent the same phenomena, and the sam^ 



9d4 THE ego; 

habits. A careful observer may indeed find that 
there is in one part of the transparent jelly a little 
portion which has more consistency than the rest 5 
but still a stretch of fancy is needed before it can b& 
called organization of any kind. So that, if a person 
were to be told that out of those jellies there were 
to be evolved bones, and muscles or organs of mo- 
tion, and nerves for sensation, and arteries and veins 
for circulating blood, and lungs for breathing, and air 
tubes in the bones to ensure the same purpose upon 
emergency ; and that there were to be feet for run- 
ning, or wading in the water, or swimming, or par- 
tially for all those purposes, according to the habits 
of some former organized beings, now dead or at a 
distance ; and wings for flight, and eyes, and nostrils, 
and ears, and a mouth armed with homy mandibles ; 
that further, the production was to have the very 
model of mechanical shape, for enabling it to make 
its way on the earth, across the waters, or through 
the air ; and that it was to be clothed with plumage 
of the smoothest gloss, and the most brilliant col- 
ours ; and that it would, in the most unerring man- 
ner, select those substances best adapted for its 
purpose ; and by means of various sets of apparatus, 
each the very best fitted for accomplishing the end 
with the very least trouble, form them into the very 
substances of which its own organization were 
composed ; and not only keep itself in perfect order 
and repair for its appointed tim'e, but become the 
source of future beings of the same kind, without 
number and without end, excepting from the bar and 
hinderance of external circumstances : if a person 
who was ignorant of eggs, and the results of hatch- 
ing, were to be told ihat, or even a small part of it, 
it would utterly shake his belief in the testimony 
of the narrator. Nor would his doubt be the less if 
he were told that the being to come out of one egg 
would have the fleetness of an arrow and the 
strength of a giant ; that the gripe of death would 
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be in its talons, and the rending of destruction in its 
beak ; that its eyes would be piercing, and its aim 
certain, even when it rushed like a thunderbolt from 
the upper regions of the sky — the scourge and terror 
of all the beings to be produced by the other eggs 
of the collection. So, also, if ho were told that the 
production of another egg would, without any ex- 
ternal cause which man could discover (exgept a 
cause presumed from the fact), make the two hemi- 
spheres of the earth resound with its songs, alter- 
nately in the opposite seasons of the year : or, that 
it were to pass away to a far distant country, without 
chart of the way, and without guide ; and thence 
return with the return of the spring, to build its house 
under the eaves, to produce a new succession of 
eggs, to toil on the wing the livelong summer-day 
in catching flies for the nourishment of its ^oung ; 
and then, at the appointed time, again take its de- 
parture, again to return the harbinger and the pledge 
of summer: if he were told of that for the first 
time, he would abandon any of the ordinary matters 
about which men busy themselves so much, and take 
a long pil^image to see the wonderful creature, so 
that he might have f^e and credit among his neigh- 
bours, as the fortunate traveller who had seen with 
his eyes the very wonder of the world. 

That, however, is only a little portion of what the 
animal world has to disclose, not to our laborious 
search, but of itself, of its own accord, if we would 
but be attentive and mark the disclosure. The 
general characters of the animal world are as nume- 
rous as the races, and the particular ones are as 
varied as the individuals, so that the transition from 
any one to any other one has the charm of novelty. 
Animals, from the greater number of functions that 
they perform, and the gi-eater energy and celerity 
of their performance, have far more character than 
plants ; and though the character does not perhaps 
admit of so great a change in the individual, it is far 
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more rapid in the succession. In those anifnakr 
with which we have been so long familiar as to 
know their appearances and habits intimately, we 
nerer find two that are exactly alike in any one par- 
ticular. We know them by their form, their look, 
their gait, their voice, the sound of their feet, or any 
one particular which could be mentioned ; and we 
do sO with ease, even in cases where the greatest 
master of language would find it very difficult to 
say in words in what the difference consisted. And 
in making up a picture of an animal, if the artist 
takes with perfect fidelity those parts of several 
different animals which are deemed the most hand« 
some in them, the compound is always a patchwork* 
wanting entireness and symmetry, and really less 
handsome than if he had been faithful to one of his 
models only. Each individual part, taken in itself, 
may be more handsome, but an eye accustomed to 
examine closely will soon find out that they do not 
belong to each other. It is usually said that the 
Grecian artist compiled for his Venus the charms 
of all the beauties in Greece; but, if so, the woric 
must have been a motley and meaningless thing— 
something like those " best words of all authors," 
which the ignorant compile for the confirmation of 
the idle. 

It is the same with the dispositions and habits 
of the animals, as with those instantly perceptible 
characters which, though we cannot explain them 
in cases where there is much resemblance, 3ret 
strike us at first sight. Similarity of disposition 
and habits always accompanies similarity of ap- 
pearance, when we take the whole particulars of 
the appearance into the account. A skilful jockey 
or sportsman, who has noticed the appearances and 
characters of many horses Or dogs, can tell their 
leading good or bad qualities at a glance ; and so 
etn one who has been very observant of human 
character come very near the character of an indii* 
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▼idoal eren before he opens his month, or aoy one 
action of his is kno wii. Ali the blandish ments which 
a treacheroas peison can put on will not hide the 
villain. That is his.mhin purpose, and as such it 
takes possessiop of his whole frame ; end probably 
nobody, at aU m the habit of studying^ character, 
ever saw and examiti^ed his man, and was subse- 
quently deceived, without having a previous sus- 
picion thai such would be the event. 

To reduce that W any thing like a scjence which 
one man can communicate to another in words is 
another sind a far more difficult matter; and.it is 
almost jas hopeless to expect that a m^n can be able 
to tell how he see% those fine shades of distinctions, 
as that he shall be able to tell how he sees objects 
at all : it is not in the form of the head, or in that 
of the features, so that physiognomy and craniology 
are but scraps of the science,. resembling indeter- 
minate problems in calculation, because all the con- 
ditions for determining the .answer are not known, 
and sQ the answer Itself may be almost any thing. 
A man under the dominion ofany resolved purpose, 
however he may strive to hide it, is imbued with the 
character of that purpose all over ; and he who seeks 
to determine what that purpose is from the head or 
the face, or both together, is to the man who^ aetu- 
idly sees what Ihe purpose is, what any common 
painter is to Raphael, in painting a blind naan. The 
common pointer's blind man is^ simply a man with 
his eyes- shut, while all the rest of his body is in 
perfect repose and confidence that they will open 
again whenever he needs them. But Elynias,^he 
sorcerer^ in RaphaePs cartoon, is blind: to the very 
tips of the fingers and^the points of the toes. .Con- 
ceal all the figure except a hand or a foot, and yet 
you Will immediately perceive that that hand or foot 
IS purposeless and in the dark. 

In ntet greatest variations, or varieties, as th« 
inataiices of variation are called, even in thoM that 

Ff 
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amomit to monstrosities, the changeis are never cot 

of the species.. Several shoots, of 'the pine often 
come united together,, so that two will b^e united 
their whole length, and two pairs of these for half 
the length, and they will curl outwards at the tips, 
like the horns of a ram, or the isigii (Y) of the con*^ 
stellation Aries- upQn the globe. Spmetimeis the 
inosculation will extend to the pith of the two por- 
tions ; and sometimes it will be only external ; bi^t, 
in all cases, the substance .is the genuine product of 
the pine. Cultivjaited plants' are all more qr less 
monsters ; the additional, petals in double flowers 
are tl;e parts of fructification changed from their 
proper forms, and their functions are .changed along 
with them. In soYne- cases, the petals which are 
formed out of the parts of fructtfieation, remain of 
smaller size than the others,* as in anemones, and in 
some varieties of dahlia, where there is a row of 
large petals in the margin, and all those in the centre 
are small. The anthers of roses not only change 
to petals, but in some instances they change into 
leaves, or into ^e sepals of a calyx ; and there have 
been instances in which Ian anther has changed i^to 
an imperfect calyx, and displayed a small badly- 
formed rose in the centre- Of the large one. A 
growth from the stem of a potato will sometimes, 
change to a sort of tuber, ^ven above ground ; and 
if a plant of that species has proper room in good 
soil, it may be made to put out Successive crops of 
tubers from the stem. > , * . 

The parts of animals aldo sometimes undergo 
changes.. Additional horns appear on sheep; and 
callosities, resembling horns,* are sometimes found 
on the human body ; colours .change ; and even the 
shape alters, we sometimes cannot eydn guess why. 
But in .all these cases^ the change, however mon- 
strous' it is, is never out of }he species. ./Th^ addi- 
tional hon^s on she^p are still g[eiu}ine isheep's horns,; 
whatever may be their position or shape ; and the 
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hdrny excrescences on the human body, even though 
thev grow on the face, as they have done in some 
insrances, are ju9t as tnlly human nails as if they 
were on the fingets or the toes. In the case of hy- 
;brid8, too, whether of plants or of animals, and in 
the lattex whether of quadrupeds or birds— twe know 
little or nothing of hybrids among the other tribes, 
though .there may be instances in them — there is a 
law of nature that maintains tbe species. The 
mules, of whatever they are hybrid.s, will not breed 
as a riace-, though' they generally can with either of 
the parent stocks, and the result is a partial return to 
that stock ; and if the system were continued, the 
ultimate progeny would be again assimilated or 
identified with the pure blood. 

Thus we can, with very little reflection, get hold 
of the general priipiciples that are to guide us in our 
observation of animated nature. There is a specific 
form banded down from race to race ; aiid the gen- 
eral characters of that form cannot be altered so 
that\ one species shall resemble or merge into 
ai^ot^er. Tnis character is in the embryo, even 
when that is too minute for being in any way the 
Bubject of observation. That keeps theni all true to 
thei^ kinds in the general way, so that we never find 
a cat taking to the Water and fishing a^ the bottom, 
as an otter' does, or a fish coming on land to hunt 
(or worms.: As little do we ^ver find a hawk rob- 
bing orchards, or a pigeon killing sparrows for food 
to Its young.,. * -I ' , ' 

. But It is the general character oply which descends 
by hereditaiT^ succession. When the young leaves 
me parent, and becomes an independent being, it is 
controlled by circumstances, and must accommodate 
itself to themv' Thus, in proportion a^ the treatment 
varies, the individual character must vary ; and that 
is the reason why cultivated plants and animals are 
60 much* more varied, in all their *species, than wild 
ones; The wild ones have only the. changes of the 
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seascnu to contend with, an^ as th69e are upon tb^ 
average pretty nearly the same at the same place, 
there is, in the same place and at the same time, 
very little difference between any two" wild animals 
of the same species, if they are both of the sam^t 
9ig6. Even if there is some difference of the place* 
in quantity bf food, or any other circumstance which 
is calculated to affect the race very deeply, thinninc 
of the numbers rather than dwarfing of the individmu 
is the immediate consequence ; though when severe 
cold and scanty food are combined, the^race dimin- 
ishes- in size. . ^ . * ' 
If we are ; to Observe nature, therefore, we most 
go to the wilds, because in all cultivated productions 
there are secondary characters pcoduced by th« 
artificial treatment, and we have no means of ob- 
serving -a distinction between these' and those whidi 
the same individual would have displayed had it 
been left to a completely natural state. The longer 
that the race has been under domestication and 
cuUure, the changes are of course the greater. So 
much is that the case, that in vel-y many; both of the 
plants and animals that have been in a state of do^ 
mestication s^nce the earliest time3 of which wo 
have any . record, we know nothing with certainty 
about the parent races in their wild state. As to the 
Mveciea, or, if you will, the genus, we can be certain. 
Th^ domestic horse has not been cultivated out of 
an animal with dove^ hoofs and horns; and the 
domestic sheep has mter been bred out of any of 
the ox .tribe. So alsb wheat amd barley have not 
been ciiltiyatedout of any -species of pulse, neither 
have Windsor beans at any time been^grasses.. Bat 
within some such limits as these our cf rtain inform* 
Btion lies ; and. for aught' we know, the parent racs 
may, in its wild state, be before pur eyes every day, 
and yet iw^e may nothave the- means of knowing that 
it is so. l^he breeding artificially has been going 
pn for at least these thousand years,' with mom 
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ehahge at every fiuccession ; that, cstllhig the average 
duration of the domestic animal ten years, and that 
of the' bread-plant one year, is thtee hundred suc- 
cessions m the one case, and three thousand in the. 
other; and what man is to live, nay^ what kingdom 
is to last tiU .the experiment is performed as many 
times, with any thing, which* is now in a state" of 
sature !• Even if' we were to suppose that in^possi- 
bil,ity got the better of, there arises anotlxer every 
way as perplexing. Hpiir are we to know What was 
the first artificial mode o€ treating any one of Chose 
cultivated productions^ or whit were the effects of 
itj even at the end of one. thousand or of two thou- 
sand years? Fashion^ of cultivation change as 
much as fashioni of any thing else ; and as the subject 
is one in Which it is impossible to get accurate in- 
formation upon, not a few only, but on many points, 
much o( the change must have been theoretical ; and, 
like all theoretical procedure, sometime^ an imparove- 
ment,and soitaetimes the reverse. But there is an- 
other difficulty. -W^ien gi^a^ changes are made on 
the surface of a country, a^ when forests are changed 
into open land,^ and marshes into corn-fields, or any 
other change tliat is considerablej the changes of the 
cMmatemust correkpoi^d; and. as tbe wild produc- 
tiond are very much aifecfed by that, they must also 
undergo changes ; and these changes may in time 
amount to the entire extinctionof some of the old 
tribes, both of plan^ and of animals, the modification 
of others to the full e^ctent that the hereditary spe- 
cific characters admit, and the introduction of tiot 
varieties only, but of species altogether new. 

That not only may, but miist have been the case, 
"nie productions df soils* and climates. are as varied 
as these are; and jvhen a change takes place in 
either" of these, if th^ living productions cannot alter 
their habits so as to accommodate themselves to the 
change, there is no alternative, but they must perish. 
Also, though we know nothing about the primary 

Ffa 
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germes of plants or of animals, till we find them de- 
veloped in visible and tangible embryos, we must 
not make our ignorance the measure of nature's 
working ; for though we have seen them come ondy 
in one way^ and, < generally speaking, 'perish in an- 
other, we are not to suppose that that is all. When 
forests of one kind of timber are. cut down, new 
plants make their Appearance ; and there are evi> 
deuces, that races, both of plants' and of animals, 
have petished even/in our own country, without 
any great convulsion- of nature, for their remains 
have been left on the; strand, a:nd buried by the slow 
progress of the depositation of the matter washed 
down by the rains and stayed by the reaction of th# 
waves. • /^ 

Cultivation itself will deteriorate and in time 
destroy races, if the same race> and the same mode 
of culturiB'be pursued amid general Change. Ouf 
own times are times pf very rapid change, and, upon 
the whole, of improvement ; we dare not, without 
the certainty of their /ailing o]f',<!ontinue the same 
stock and the same seed-corn,, season after season^ 
and age ^fter age, as was done by oiur forefathers. 
The general qhaitge of the country must have chsinge* 
and not mere succession, in that which we cultivate ; 
aiid thus we must cross th^ breeds of our animale^ 
and remove the seeds and plants of our vegetablee 
from district to district. ' 

There is something of the same kind in human 
beings, and we have reason to exj^ect that there 
should ;jbecause, in Us far as man is material and 
mortal, he is just as dependent upon circumstancea 
as any other mateirial production. . Hence -we find 
that when a town or a district is busy and bnstlii^i 
and strangers .resorrt to it, botl\ the population aiM 
the energy increase far faster ,than the numerical 
addition of stirangers. But, on the other hand, when 
it becomes dull, and strangers cease to resort to il| 
it dies away, both in popuhUkm and in mental efleig^^ 
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even though none of the people leave it. Thus, it is 
not leisure that mankind needs, it is stimulus and 
activity; and study, even the most profound and 
Bi)struse study, thrives better in the few snatches 
of time which the busy man can spare for it, than in 
all the listless and loitering days of him yrho has 
nothing to do. 

That is as true of the study of the productions and 
phenomena of nature, as it is of those sciences 
which are moire iminediately tfie tools of art. [But 
these are the tools ; nature furnishes .the materials, 
which are of prrraarv importance.] . And there are 
mapiy advantages. Nature is always at hand ; our 
own senses €Lre all the apparatus that we need ; and 
We have only to look at the connexion in which any 
thing Or appearance that we observers placed, bota 
in juxtaposition in space and in succession in time, 
in order to get a lesson from Bvety thing ihat comes 
in bur w^y. Could the whole people, according to 
their opportunities^ bring themselves to do that upon 
all occasions, the extent,, the correctness, the use* 
fulness of the knowledge that must be obtained 
would be imnjense. As they would have no hy- 
pothesis' of a school or dogma of a sect to support, 
each would communicate the result of his own ex- 
perience to the general store, and receive that of 
his fellows in return ; and error Would be exploded, 
and so would silly and deceptive credulity, and 
skeptieism equally silly and deceptive; for all men 
Would see with their own eyes, and beheve from 
their own understanding ; and the heavens and the 
earth, in all their fairness and in all their fulness, 
would be every man's kingdom. That is a consum- 
mation to which it is perhaps hopeless to look ; but 
every approach which qan be made to it is aii addi- 
tion to the happiness of man, and to the rational and 
thie adoration and glory of man^s Almighty Maker. 

THV END. 
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incidents, and the purity of the principles it inculcates both 
of wisdom and religion. The publishers were induced to re- 
print it as one of the numbers of the Boy's and Girl's Library, 
partly by the advice and solicitations of many of their friends, 
and their own knowledge of its merits, and partly by the con- 
sideration that it has long been out of print, and that it was very 
difficult to procure a copy. 

*' *The Son of a Genius' will affind a profitable stady to 
parents, as well as an ezqfoisite treat to youths. It is an admi- 
rable tale : &scinating in its delineations, admirable in its moral, 
just as a picture of the mind, a iaithfui and true portraitoie 
of the rerilts of genius vaocilating, unapplied, and tuning to 
ruin, and the same geniuA suj^orted by sound moral principle, 
strengthened by judicious exercise and continuous effort, useful 
and triumphant. It is a striking illustration of the importance 
of method, perseverance, and industry to produce the perfect 
fruits of genius ; and the utter uselessnesa of delicate taste, 
vivid conception, rapid performance, aided by generous affec- 
tions and engaging manner, to the attainment of excellence, 
without that sUady (qjpUcation, which nothing but just moral 
principle can ensure. The story is not, however, a refined, met- 
aphysical disquisition on genius; but a simple, engaging tale, 
which lets in upon the reader a sort experience worth a hun- 
dred essays." — ConneeUcta Journal. 

** To youth of both sexes this work forms an excellent piece 
of reading." — The PemuylvaniaH, 

« To our young friends it ynXl afford much entertainment."<— 
Sottondiinw, 



SVtESlLB WORKS, 9 

NATURAL mSTOBY; ok UNCLE PHILIP'S 
CONVERSATIONS with thb CHILDREN about 
TOOLS AMD TRADES amoko thb INFERIOR 
ANIMALS. [No VI. of tho Boy's and GirPs Libraiy.] 

The wQEiden of God's providence, as they are manifested 
in the figuies, habits, and perfonnances of the varioas creatures 
which iiU the earth, the aiif, add the Waters, — the endless varieties 
of form, the accuracy and ingenuity of their contrivances, 
¥diether for security or sustenance, and the admirable adapta- 
tion of their instruments to the woifcs their instinct prompts 
tbem to construct, supply an ezhaustless theme for observation 
and astonishment, and call forth in the mind the most exalted 
ideas of the Supreme wisdom and beneficence. In the capti^* 
vating volume which forms the sixth number of the Boy's and 
Oirl's libiary, a portion of this department of science is treated 
of with consummate ability, and the work has deservedly re« 
oeived the highest encomiums, not only for the extent, utility, 
and mteiesting nature of the information it conveys, but also for 
the skUl with which the ideas and language are adapted to the 
tastes as well as the capacities of youthful readers. But th^se 
are not its only or its greatest merits : its highest claims to 
praise are the tone of sincere and earnest piety which pervades 
the conversations, and the excellence of the precepts drawn 
from tide wondera they disclose. 

** It is written with a thorough knowledge of the subject, and 
^thtiiait delightful fireshneas of impression from natural sights 
iwhich wfivea the days of our childhood. Here, then, is a 
^eautiM and i^iopitile j^resent for the Chriitian paranf-^ 

"This work deserves high prsise. It displays muck teet 
tmd ingenuity, guided by sound judgment, and controaod by 
fervent piety. Such boodEs for the young are scarce, and likalj 
ia be so; for fow axe able to produce them. Children will do* 
light in it, and profil by it"— TiU Churchnum, 

«' WeliDok up^ this as one amiocLg the best javeoilB woiki 
we hare met wilh/v^AfKirt iigMnMryi 



6 JlTVENtLE WORKfti 

INDIAN TRAITS; bkino SKETCHES pF THt 
MANNERS, CUSTOMS, and CHARACTER of 
THK NORTH AMERICAN NATIVES. Br B. B. 
Thatches, Esq. [Noe. VII. and VIII. of the Boy'i 
and GirPs Library.] 

The appearance, character, and habits of the North Ameiican 
Indians have long been a fayouiite and fertile thane for writen 
as well as readers, and accurate descriptiotu of them are equally 
instructive and agreeable. These torm the subject of the 
seventh and eighth nund)er8 of the Library, and they are ad* 
mitted to contain much correct and interesting information. A 
larger work (in the Family Library), by the same author, en- 
titled " Indian Biography," treats of the history of those re* 
markable members of the human family : the woik now under 
consideration makes no pretensions to that character, but is 6n> 
tirely descriptive ; and it is entitled to high praise, not only as 
being the first attempt to render the subject attractive to 
youthful readers, but also for the ability with which the object 
is accomplished. 

" These two little volumes furnish the leading traits of Indian 
character in a style adapted to instruct while it interests the 
youthful reader."— iV. Y. American. 

"Most entertaining and excellent volumes.*'— JV. F. Waddjf 
Mmtoiger^ 

" The author has produced a woik which will not only be 
valuable to the young, but to all who wish for a concise and 
just delineation of what is most desirable to be known respect* 
ing the character and customs of the natives of North Ameiioa." 
—^BotUm TraueUer, 

"The langua^ is easy and familiar, and the deeciiptiflM 
quite interesting.*'— Aifctfuon'* Evening Po$i, 

" Two volumes more interesting or more useful were never 
placed in the hands of American youth.**— BotCon Marnr, 

^ " These little volumes equal in interest all that have gone 
before them in the same fan^y.'*— TVvy JMgwi 



lUTENILS WORKS. 7 

TALES noM AMERICAN HISTORY. [Nos. IX. 
X. and XI. of the Boy's and Girl's Libraiy.] 

The writer of these Tales has had in view two chief pur- 
poses, — the one to convey to the juvenile reader a general idea 
of the incidents connected vnth the discovery and subsequent 
history of the American continent ; the other to excite an in- 
terest in the subject which shall create a desire for more minute 
and extensive infonnation. These purposes have been effected 
with much success* and the volumes will be found instructive 
and entertaining. In the majority of instances, the Tales have 
been selected with reference to the illustration of some moral 
principle ; and the frequent opportunities affohled for the intro 
duction of reflections leading to the cultivation of piety and re- 
ligion have been ably and zealously improved. . As a school- 
book this collection of Historical Tales is calculated to be emi- 
nently serviceable ; and there can be no doubt that their intro- 
duction into seminaries vriU be attended with both pleasure and 
advantage to the scholars. 

" It is sufficient praise for this work to say that it is by the 
author of ' American Popular Lessons/ of whose powers of pre- 
senting knowledge to the young mind in a graceful and attract- 
ive garb the pubUc are not now to be informed."— ^iV. Y. Evening 
PoiL 

" A collection which is really deserving of its title. We have 
looked over these Tales with great pleasure, and find them full 
of interest and instruction.**— iV. F. Advocate. 

" One of the best works that can be put into the hands of our 
youth. ... It presents all the circumstances respecting the dis- 
covery of this country, in a condensed fonn, clothed in language 
calculated to interest the young. It ought to be in the hands 
of every youth ; and it cannot be totf early or too extensively in- 
troduced into our schools." — 7^ Cabinet of R^igum. 

** The stories are highly interesting, and abound vrith pleasing 
iUnstrations and notices of the history, orijginal inhabitants, pro- 
ductions, and first settlers of our own portion of the globe.**— 
Cmner md JBntninr, 



INTBRlSTHfG BOOKS VOR TOUICG PBRSONft. 

ROXOBEL. By Mrs. Sherwood^ Author of 
" TTie Lady of the Manor," &c. In 3 vola. 
18mo. With engravings. 

**-— An interesting story. ... .It is in Mrs. Sherwood's 
happiest manner, and though intended for the instraction 
ttia amusement of the youn?, will rivet the attention of 
loaders of unvitiated taste of every age. We recommend 
it as an exceilent and instructive lx>ok."— iV^ Y» Americofu 

** There is not a page or a line in this work that the pare 
ind viitaous may not read with pleasure."— -iim. Tra»iUer» 

'* A vein of strict morality runs through her writings, and 
all her sontiments upon the incidents which she chooses 
for subjects are calculated to draw forth the finest and most 
honourable feelings of our nature." — N, Y, Even* JowmtL 

NATURAL HISTORY op INSECTS. 

Illustrated by numerous engravings. I8mo. 

**0f all studies, perhaps, there is none more captivating 

than that of animated nature The present volume is 

peculiarly useful and agTeeabIe."-^iV. Y, Mirror* 

''The subject is full of mterest and satisfaction, and is 
odapted to au classes of readers." — Alb. Evening Jowmat. 

" It is the duty of every person havin? a family to put this 
ezeeiient work into the hands of his children."— -Jlfer. jf do. 

<^It seems to us thtit H will prove at once agreeabio and 
initroctive to persons of aH elasses."-->/\r. Y* &abf Aio* 

SIR EDWARD SEAWARD'S NARRA- 
TIVE OF HIS SHIPWRECK, &c. Ed- 
ited by Miss Jane Porter. 3 vols. ISino. 

*<Wo have finished the perusal of this most agreeable 
woik, and ahnost regret that the pleasure of a first perusal 
fUM gone by; thou^ it is one of those books vrfakh will 
tair reading again and ag«in."*-^ommeras/ Adviftutr* 

** It is a narrative of ^at intenst, told in a plain, an 
piitaadiog ftylii in a xoligioos and moral tomJ'-^StgiuML 



INTERESTING WORKS 

riTBLISHED B7 J. & J. HARPBR, 8S OUFF-STEEBT, 

MBW-TORK, 
AND FOR 9ALE BY TBI B00K8BUJUKS QMHERALLY. 



JUVKMILB WORKS. 

LIVES OF THE APOSTLES AND EARLY ICARTYRS 
OF THE CHURCH. 18iiu^ (Suitable for Sunday Resdiog.) 

THE SWISS FAMILY ROBINSON ; or, Admitures of 
a Fithflr and Mother and Four Sons on a Deseit Island. In 2 
fola. iSmo. With Engravings. 

SUNDAY EVENINGS ; or, an easy Introduction to the 
](«<admg of the Bible. Ifima (Suitable for Sunday Reading.) 
With Engravings. 

THE SON OF A GENIUS. BylCza. Hoflinh. lamo. 
With EngiBfinga. 

NATURAL HISTORY; or, Unde Philip's ConYersations 
wtththeChildrsB about Toola and Trsdes among the Inferior 
j twiwfU 18ina With numerous Engravings. 

INDIAN TRAITS. By the Author of '< Indlln Lzvsa." 
In 2 ToU. 18ma With Engravinga. 

TALES FROM AMERICAN HISTORY. By the Author 
cfAmmiOAKPopuLAmLBssoMs." 3voU.18mo. Engravings. 

THE YOUNG CRUSOE; or, the Shipwiecked Boy. By 
IbBL HoTLAiTD. 18oia With Engi^ivings. 

ROXOBEL. By lbs. Sbiewood. InSvohklSma 

HISTORY OF INSECTS. With Engravings. ISmk 

ADVENTURES IN THE POLAR SEAS AND RR. 
OIONS. IBna With EQgiavii.gs. 



INTEftESTlllO WORKS. 

TH13 WORKS OF MARIA EDGEWORTH. Completo 
Edition. {In press.} 

NARRATIVE OF SIR EDWARD SEAWARD'S SHIP- 
WRECK. Edited by Miss Jane Poster. In 3 vols. 12mo. 

HISTORY OF THE BIBLE. By the Rev. Geobgb 
R. Gleio. In 2 vols. 18mo. With a Map. 

ADVENTURES IN AFRICA. 18mo. With Engravings. 

AFFECTING SCENES; being Passages from the Diary of 
a late Physician. In 2 vols. 18ma 

THE PERCY ANECDOTES. Revised Edition. To 
which is added, a valuable Collection of AMERICAN ANEC- 
DOTES. 8vo. Portraits. 

LIFE OF WICLIF. By C. W. Lb Ba». l%no. Portiait 

THE CONSISTENCY OF REVELATION WITH IT- 
SELF AND WITH HUMAN REASON- By Philip Nich- 
olas Shuttlbwobth, D.D. 18mo. 

LUTHER AND THE LUTHERAN REFORMATION- 
By Rev. John Scott, M.A. In 2 vols. 18mo. Portrait*. 

HISTORY OF THE REFORMED RELIGION IN 
FRANCE. By Rev. Epwasd Smsdlbt, M.A. In 2 volit 
18mo. Portraits. 

XENOPHON. Translated by Edwabd Spblmjln, Eaq., and 
Sir M. A. Coopbb. In 2 vols. ISmo. Portrait 

THE ORATIONS OF DEMOSTHENES. By hwukm. 
In 2 vols. I8ma Portrait 

SALLUST. By Rosb. 18mo. Portrait 

CJBSAR'S COMMENTARIES. By Dukoan. Ib 2 toIb. 
Ifiinio. Portrait 

THE FAMILY LIBRARY— comprising a number of wtll^ 
written works, on a variety of useful subjects, suitabiB for 
leadexs ot all ages— pubUshed in a neat and cheap fornu 



HARPER'S FAMILY UBRARY. 

A 

DXSIOKXD FOR ADULT PBRflOHflir 



** Bo9k» that yow may earry to the Jin, md hold readily in yout Und, 
mn the mott m^uI t^ttr alL A mean wiU (fften look at them, and ba 
tempted to go eH,U}iunheu>ould have betnfiightened at books iff aUargef 
MMi and Iff a man erudite qpfearance."— Dji. JoBnaox. 



Tttc p ro prtglo w i of the Ftmlly Libraiy ftd HmumnIvm odnnilaled to 
inetMsed exertions by the dutingukihed ftyonr with which It haa almdy 
been receiTed. 

The Tolumee now before the public insy be confidently q)pealed to 
M praoft of seal on the part of tha pabliahera to preeent to their raedera 
• aeries of productions, which, as they are connected, not with ephemeral^ 
hot with permanent subjects, may, years hence as well as noW| be con* 
suited Hm* llTdy unusement as well as solid instruction. 

To render this Library still more worthy of nitronage, the proprio 
lore proposs incOTporating in it such works of interest and Yalue m 
may appear in the Tarious Libraries and Biliscellanies now preparing In 
BUTope, particularly ** Constable's MiscellAny,*' the '* Edinburgh Cabinet^ 
Library, dec All these productions, as they emanate ftom the prasi^ 
will be submitted to literary gentlemw for inspection ; and none will bo 
reprinted but such as shall be found calculated to sustain the exaUei 
eharaeier which this Library has already acquired. 

fiereral well-known authors have been engaged to prepare fbr it original 
worksof an American character, on History, Biographv, TraTds, ico. Ac* 

Every distinct subject will in general be oompreheuded in one Tolumo, 
or at most in three volumes, which may form either a portion of tip 
oeries (mt a complete work by itself; and each Tolume will be embellishei 
witii appropriate engrsTings. 

The entire series will be the production of authora of eminence, who 
have ac^ired celebrity by their literary laboun, and whose names, so 
they appear in succession, will affbrd the surest guarantee to the pubUo 
fi>r the satisftctory manner in which the subjects will be treated. 

Buch is the plan by which it is intended to fbrm an American Family 
Library^ comprising all that is valuable in those branchea of knowledgo 
which most hai^y unite entertainment with instruction. The utmost 
care will be taken, not only to exclude whatever can have an ii^uriooo 
faifiuence oa the mind, but to embrace everything calculated to strengthsB 
the best and most salutary impressions. 

With these arrangements and flicilities, the publishera flatter theo^ 
selves that they shaU be able to present to their follow>citizens a wowk 
of unparalleled merit and cheapness, embracing subjects adapted to all 
classes of readen, and forming a body of literature d^JMrving the praise 
of having instructed many, and Amused all ; and above every other spo- 
des of eulogy, of being At to be introduced, without reserve or exception, 
by the fother of a fomily to the domestic circle. Meanwhile, the very low 
price at which it is charged renders mora extensive patronage necessary 
for its support and prosecution. The immediate encbtiragement, ther^ 
fore,of diose who approve its.plan and execution is respectmlly solicited* 
The work may be obtained in complete sets, or* in separate nuooteigj^ 
from the principal bookseUeis ihroughont the Onlted Suites^ 
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